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COMMON NAMES OF SOME IMPORTANT PLANT PATHOGENIC NEMATODES 


Edna M. Buhrer 


The use of common names for plant nematodes and the diseases they produce has rapidly 
increased during the past few years. The present paper is an attempt to bring together, for 
ready reference, those common names of the most important nematode pathogens that have 
appeared in the literature. As in other branches of the natural sciences, common names can 
be both convenient and confusing. A standardization of these names for universal usage would 
be of help to both the grower and the technical worker in plant nematology, and would serve to 
eliminate ambiguity and misunderstanding. It is hoped that this list will contribute to that end. 

Used orally and in non-technical writing common names are convenient and even neces- 
sary. Certainly the generic and specific names of nematodes are not noted for brevity, euphony, 
or ease of pronunciation and reading. Common names, on the other hand, could be used to 
overcome these difficulties, if they are universally employed. 

In technical writing also, common names are convenient for both brevity and accuracy. 
Nematologists fully realize that the taxonomy of many of the economically important nematode 
groups is incomplete and subject to revision as research progresses. For example, they will 
frequently use such a common name as "bulb or stem nematodes", and thereby be more accu- 
rate in referring to one or more species of the genus Ditylenchus, rather than erroneously 
designate a single species, pending the time when that genus is more completely described by 
the taxonomists. 

The advantages of standardizing are obvious. The next step is the choice of the preferred 
name from among those extant, and, too, the determination of the type of common name that 
workers in this field should select when coining new names. Botanists and zoologists have 
usually found it wisest to adopt common names on the basis of a characteristic peculiar to 
the organism rather than use the geographical location or host association of its initial finding. 
It would be well to use the same principle with plant nematodes, even though it is not always 
easy to do so. The microscopic size of nematodes makes it difficult to select a pronounced 
specific character that would mean anything to any one but the specialist. But, common names 
based on the host plant on which a particular nematode was first found and described are often 
misleading: the "rice nematode", for example, can mean any one of several species; and the 
"chrysanthemum nematode" is not limited to the chrysanthemum as a host. Names based on 
the geographical locality where the nematode was first discovered can be equally misleading: 
the Javanese root-knot nematode", for example, is readily found outside Java; and the ''north- 
ern root-knot nematode", although readily found in the Northern States, also occurs in the 
South, 

It is therefore proposed that the following criteria be used, in the order given, for both 
selecting the most appropriate common name from those already in use, and coining new names 
as new nematode pathogens become known: 


1. Old, established, and wide usage (Ex: sugar beet nematode) 

2. Morphological characters of the nematode if feasible (Ex: ring 
nematodes). 

3. Description of the disease produced, especially when the symptoms 
are much the same in many hosts (Ex: stubby-root nematodes). 

4. Translation of the generic or specific name (Ex: cactus cyst nematode). 

5. Host on which most commonly found (Ex: chrysanthemum nematode). 

6. Geographical location (Ex: Javanese root-knot nematode). 


The following list includes only those forms that are fairly well established as pathogens, 
and is arranged alphabetically by common names. The underlined common names are those 
chosen as most appropriate by members of the Section of Nematology, for use in the U.S.A. 
Those not underlined are synonyms which occur often enough in literature of the English lan- 
guage to be listed for greater convenience of reference. 
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Footnotes: 


a The term "eelworm", or "nema", freely used in the literature, may be substituted for 
"nematode", 


b Considered by Allen 1952 as a synonym of A. fragariae. 
¢ Considered by Allen 1952 as a synonym of A. ritzema-bosi. 


d Pronunciation of "Meloidogyne" is based on Webster's New International Dictionary, which 
is currently the accepted standard for all U. S. government printing: A 5-syllable word, the 


final 'e'' being pronounced but not emphasized. The "gyn" syllable (from the combining form 
"gyne"') may have either of two pronunciations: "g" soft as in gem and "y" short as in cyst, or, 
"g" soft as in gem and "y" long as in fly. (An alternative would be the Greek pronunciation, 
thus: "g" hard as in go, and "y" with the German umlaut "ii" sound). 

It is noteworthy, in this connection, that the first "e'' in the pronunciation of nematode (and all 
of its derivatives) is given the short "e" sound, as in end. 


€ Term used in eastern and south-eastern U. S. A. 
f Considered by Allen 1952 as a synonym of A. besseyi. 
& Term used in western and south-western U. S. A. 


h Considered by Sher & Allen 1953 as a synonym of P, brachyurus Godfrey. 


HORTICULTURAL CROPS RESEARCH BRANCH, AGRICULTURAL RESEARCH SERVICE, 
U. S. DEPARTMENT OF AGRICULTURE 
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CHLOROPHENYL METHYL RHODANINE: ITS MODE OF ACTION 
AGAINST ROOT KNOT NEMATODE INFECTIONS! 


B. E. Hopper and A. C. Tarjan 


A new chemical, 3-p-chlorophenyl-5-methyl rhodanine (N-244)?, recently has been re- 
ported to be a promising therapeutic nematicide (1). Greenhouse trials have shown the chem- 
ical to be effective in aqueous emulsion at the rate of 2 g. per sq. ft. of soil surface area (2). 
In a discussion, in the latter publication, of how the chemical controlled the experimental 
infections, it was suggested: ''a) that the chemical may directly kill the nematodes in the root 
tissue and the true identity of the knots formed by the eradicated pests is soon obscured by 
accelerated growth of adjacent tissues following treatment, b) that the chemical may kill the 
roots harboring the parasites which subsequently starve to death, or c) that a combination of 
the two may occur." 

The experiment reported in this paper was designed to determine the mode of action of the 
chemical against root knot nematode infections of tomato plants. 


MATERIALS AND METHODS 


Ninety tomato plants, hort. var. Rutgers, approximately six weeks old, were trans- 
planted into 4-inch pots. Each plant was then inoculated with five egg masses containing viable, 
second-stage larvae of the root knot nematode Meloidogyne incognita (Kofoid & White) Chitwood. 
Chemical treatments were applied two weeks after inoculation during which time larvae evac- 
uating the egg masses had penetrated root tips and established infections. 

The plants were divided into three groups of 30 each. One group was treated with 3-p- 
chlorophenyl-5-methyl rhodanine (hereafter referred to as N-244) dissolved in acetone and pre- 
pared in aqueous emulsion with Triton X-1003. This formulation was applied as a soil drench 
at the rate of 3 grams per square foot of soil surface. Another group was treated with 
1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-4,7-methanoindene (Heptachlor)4 formulated 
with the same solvent and emulsifier as used for N-244 and applied in the same manner, at the 
rate of 2.5 grams per square foot. The remaining group of 30 plants was designated as un- 
treated controls and received only the acetone and emulsifier in aqueous solution at the same 
concentrations as for the previous treatments. 

Starting 24 hours after treatment, one plant from each treated group was harvested daily 
for the first seven days. Plants were then selected every other day for the next two weeks, 
every fourth day for the following two weeks, and finally at weekly intervals for two additional 
weeks, 

Plants were grown in a greenhouse maintained at an average temperature of 72° F. 


RESULTS 


The first day's observations showed no differences between treatments. Roots harvested 
the second day exhibited brownish discoloration of the root tip, apparently caused by the acetone 
contained in the formulations. Injury observed the third and fourth days was similar to that 
appearing on the second day. 

On the fifth day the control plants as well as the Heptachlor-treated plants exhibited several 
root knots, new lateral growth, and some injury due to treatment. N-244-treated plants, how- 
ever, showed extensive root injury with only the tap root remaining unaffected. No lateral 
root growth was apparent and root galls were in evidence on the injured roots. 

The sixth and seventh day's results were essentially the same as those for the fifth day. 
One readily detectable difference, however, was the increase in size of both healthy and 
"knotted" roots of the control plants in comparison with limited growth of roots of the Hep- 
tachlor-treated plants and the complete cessation of root-growth of N-244-treated plants. 
Several nematode larvae dissected from the roots of these plants were closely examined. Al- 
though larvae from five-day-old, N-244-treated roots were somewhat smaller than larvae from 


1 Contribution No. 849 of the Rhode Island Agricultural Experiment Station. 
2 Supplied by the Stauffer Chemical Company. 

3 Supplied by Rohm and Haas Company. 

4 Supplied by the Velsicol Corp. 
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FIGURE 1. Tomato roots harvested 40 days after 
treatment. A. Control plant receiving only the vehicular 
emulsion. B. Treated plant receiving 3-p-chlorophenyl- 
5-methyl rhodanine at 3 grams per square foot of soil surface. 


control plant roots, chemical treatment did not appear to be lethal to them. Ina similar 
comparison of larvae from seven-day-old plants, however, larvae from control roots appeared 
to be normal in every respect, while those from N-244-treated roots appeared to be disorgan- 
ized in internal structure and distorted in shape. The abnormal coloration of the body contents 
of larvae from N-244-treated roots suggests that death occurred from chemical poisoning one 
week after treatment9, 

Plants harvested from the ninth to the fortieth day projected the differences noticed between 
treatments harvested on the fifth and seventh days. Control plant roots increased in size and 
number as did the nematode root knots on them. Coloration was normal and lateral roots grew 
profusely from the crown. Heptachlor-treated roots likewise increased in size and number 
but to a lesser extent, as compared to controls, owing to the injurious effects of the treatment. 
Whereas roots developing after treatment were of normal coloration, the older, pre-treatment 
roots still exhibited the effects of chemical injury. Root knots on Heptachlor-treated plants 
increased in size but not in number, indicating that the chemical may be an effective nematode 
ovicide. Root systems of plants treated with N-244 suffered severely due to treatment, but 
new roots developed rapidly from the surviving tap root. A comparison of an N-244-treated 
root system with that of a control plant 40 days after treatment shows the effect of chemical 
treatment on the size of the root system (Fig. 1). It is significant that no nematode infections 
remained on the primary roots surviving treatment or appeared on the lateral roots developing 
subsequent to treatment. 

The final observation made on plants 50 days after treatment indicated that the N-244- 
treated plants had increased in both aerial and underground parts at a greater rate than the 
Heptachlor-treated plants. Since control plants were in 4-inch pots which undoubtedly in- 
hibited growth of their roots, comparison on relative rates of growth between these and N-244- 
treated plants was not attempted. 


5 Nematodes suffering from starvation would presenta different appearance, since the organic 
granular structure within their: intestines gradually disappears leavinga transparent body cavity. 
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SUMMARY 


Chlorophenyl methyl rhodanine (N-244), used as a soil drench at the rate of 3 grams per 
square foot, was found to be an effective eradicant of root knot nematode infections of tomatoes 
under greenhouse conditions. It was observed that the chemical was toxic to roots of treated 
plants and also to the nematodes contained therein. Although the chemical killed all secondary 
roots, no permanent damage was done to the tap root from which numerous lateral rootlets 
developed. The plants then rapidly increased in size. The chemical also exhibited ovicidal 
properties in that newly developed roots did not acquire nematode infections from the original 
inoculum remaining in the soil. Heptachlor, although appearing to be a suitable ovicide, was 
ineffective as a therapeutant. 
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TOXICITY OF FUNGAL AND BACTERIAL FILTRATES 
TO ENCYSTED GOLDEN NEMATODE LARVAE 


W. F. Mai 


A non-phytotoxic nematicide lethal to the golden nematode, Heterodera rostochiensis Wr., 
is unavailable at the present time. It is well-known that fungi and actinomycetes produce sub- 
stances lethal to other fungi and bacteria but non-injurious to plants. No reports have been 
noted of the testing of such substances for toxicity to plant parasitic nematodes. The purpose 
of this paper is to report the testing of the toxicity of filtrates of fungi, bacteria, and actino- 
mycetes to encysted larvae of the golden nematode. 


Table 1. Number of golden nematode larvae emerging after immersion of cysts, 
for 30 minutes, in filtrates of 22 different bacteria and fungi. 


Organism : pHofextract : Number of larvae 
diluted 1:9 ! emerging per dish 
(in thousands) 


No treatment -- 11.8 


Media (without organism) -- 10.0 


4Pseudomonas polycolor Clara 8.0 
4 Bacillus subtilis Cohn 8.2 12.6 
Xanthomonas phaseoli var. fuscans 8.1 


(Burkh.) Starr & Burkh. 
Corynebacterium fasciens (Tilford) 8.0 10.8 


Dowson 
a Bacterium stewartii E. F. Sm. 8.3 
a Aerobacter aerogenes (Kruse) Beij. 5.0 
Mucor racemosus Fres. 8.2 
6.0 
8.4 


4 Torula sp. 
Fusarium apii var. pallidum Nels. & 
Snerb. in Nels., Coons & Cochran 

Penicillium luteum Zukal | 
Rhizopus oryzae Went & Prin. -Geerl. s 
Helicostylum piriforme Bainier 7 
Rhizopus microsporus v. Tiegh. 8. 

8 

8 


Mortierella subtilissima Oud. 

Cunninghamella echinulata (Thaxt. ) 
Thaxt. 

Colletotrichum graminicola 8.2 11.4 
(Ces. in Rab.) G. W. Wils. 

Sporodinia grandis Link 


8 

aActinomyces sp. (27B) 6 
Actinomyces sp. (C65B) 8 
Actinomyces sp. (409) 8. 
8 

8 


8.2 


Actinomyces sp. (63B) 
aActinomyces sp. (78) 


a Did not grow as abundantly as the remaining microorganisms, 


; 
8.8 
8.2 
8.4 
6.0 
13.8 
8 14.8 
8 6.4 
8 12.4 
0 16.2 
0 11.4 a 
2 11.0 
3 7.2 
1 13.0 ; 
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Twenty-two microorganismsl, including six bacteria, five actinomycetes, and eleven fungi 
(Table 1); were grown in a dextrose nutrient broth, in 150-ml. flasks. The broth was composed 
of three grams beef extract, ten grams of peptone, ten grams of dextrose, and one liter of 
distilled water. After the organisms had grown for 30 days, the solutions were filtered and 
1:9 and 1:99 dilutions with distilled water were prepared. Hydrogen-ion concentration deter- 
minations were made of the diluted filtrates. Only the readings for the 1:9 dilutions are re- 
ported (Table 1), because the readings for both dilutions for any one organism were approxi- 
mately the same. 

Two batches of approximately 500 golden nematode cysts were immersed in each dilution 
of all the filtrates. Each batch was enclosed ina small nylon bag. One bag of cysts was 
removed from the solution after ten minutes, and the remaining one after 30 minutes. Fol- 
lowing thorough washing with water, each sample of cyst material was placed in 25 ml. of 
potato root leachings, contained in a petri dish. The toxicity of each treatment was measured 
by counting the number of emerged larvae after a two-week period in a temperature chamber 
regulated at approximately 75° F. 


RESULTS: Large numbers of larvae emerged from cysts receiving each treatment, thus 
indicating that none of the filtrates of the 22 microorganisms, when grown on dextrose nutrient 
broth, was lethal to golden nematode larvae. Data are presented only for encysted larvae 
treated for 30 minutes in 1:9 dilutions (Table 1). 


DEPARTMENT OF PLANT PATHOLOGY, CORNELL UNIVERSITY, ITHACA, NEW YORK 


1 Obtained from collections of the Department of Plant Pathology, Cornell University. 
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THE USE OF AUREOMYCIN AS A TREATMENT OF SWEDE SEED 
FOR THE CONTROL OF BLACK ROT (KANTHOMONAS CAMPESTRIS)! 


M. D. Sutton and W. Bell? 
INTRODUCTION 


Black rot of cruciferous crops is prevalent wherever these plants are grown. The control 
of this disease has remained a difficult problem ever since it was first reported in 1891 (6). It 
was one of the first bacterial plant diseases to be observed and described and it is both soil- 
borne and seed-borne (2, 4, 7, 12). Seed becomes infected as a result of systemic invasion (14). 
The pathogen, Xanthomonas campestris (Pam.) Dowson, presumably enters the xylem of the 
seed coat, although this has not been demonstrated histologically (4). Infected funiculi which 
adhere to the seed after threshing constitute another source of seed-borne infection. It has been 
demonstrated that X. campestris remains viable in naturally infected seed for three years (3). 

Despite the technical difficulties of the treatment and the danger of impairing seed germi- 
nation if improperly applied, the hot water treatment has been recognized as the most effective 
means of seed disinfection for the black rot organism. Richardson (12) recommended seed 
treatment with Semesan or mercuric chloride for the control of black rot of rutabagas but the 
poisonous properties to man of these mercurials and the uncertainty of their effectiveness 
against deep-seated infection makes the use of a chemical seed treatment undesirable. Patel 
etal. (11) have found that a four-hour soak of cabbage seed in a 10% solution of bleaching powder 
gives fair control of black rot. 

The application of antibiotic substances in seed treatment for the control of seed-borne 
diseases has been demonstrated by numerous authors. Antifungal antibiotics such as Acti-dione, 
helexin B and antibiotic XG have been shown to control covered smut of oats (8), Victoria blight 
of oats (10) and Ascochyta leaf and pod spot of peas respectively (15). Plant diseases of bac- 
terial origin have been controlled by antibacterial agents. Streptomycin has been used for the 
control of angular leaf spot of cucumber (1) and halo blight of beans (13), and subtilin for the 
control of bacterial blight of barley (5). Katznelson and Sutton (9) compared the activity of six 
commercially available antibiotics against a large number of species of plant pathogenic bac- 
teria in vitro and found aureomycin to be the most potent. Aureomycin completely inhibited the 
growth of most xanthomonads, including X. campestris, within 24 hours at concentrations as 
low as 0.1 to 0.05 p.p.m. It was, therefore, decided to compare aureomycin with other seed 
treatments recommended for the control of black rot. 


EXPERIMENTAL 


In comparative tests of various seed treatments for phytotoxicity and control of X. campes- 
tris, Laurentian swede seed was treated as follows: 


1) Hot water: Seed immersed in water at 500 C for 25 minutes, dipped in cold 
~~ water, drained, and spread to dry. 

2) Bleaching powder: Seed immersed for 10 minutes in a filtered solution 
containing 2% free chlorine. 

3) Mercuric chloride: Seed immersed in 1: 1000 solution of mercuric chloride 
for 10 minutes and washed in running water for 5 minutes. 

4) Semesan: Dust, 7 oz. per 100 lb. of seed. 

5) N.I. Ceresan: Dust, 10 oz. per 100 lb. of seed. 

6) 2% Ceresan: Dust, 10 oz. per 100 lb. of seed. 

7) Phygon: Dust, 4 oz. per 100 lb. of seed. 

8) Panogen 14: Liquid, 6.08 oz. per 100 lb. of seed. 

9) Arasan: Dust, 4 0z. per 100 lb. of seed. 

10) Spergon: Dust, 8 oz. per 100 lb. of seed. 

11) Aureomycin: Seed soaked in aqueous solutions of aureomycin hydrochloride 
(99% purity) at concentrations of 1: 1000, 1: 2500, 1: 5000 and 1: 10, 000 


1Contribution No. 1404 from the Botany and Plant Pathology Division, Science Service, Department 
of Agriculture, Ottawa, Canada. 
2 Associate Plant Pathologist and Technician, respectively. 
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for 30 minutes, then dried for three days. 

12) Aureomycin + methyl cellulose sticker: Aureomycin hydrochloride aqueous 
solution of 1: 5000 in combination with 3% methyl cellulose, applied as 
in 11). 

13) Aureomycin + Arasan: Seed treated as in 11), then the dried seed dusted 
with Arasan (4 oz. per 100 lb. of seed). 

14) Aureomycin + Spergon: Seed treated as in 11), then dried seed dusted 
with Spergon (8 oz. per 100 lb. of seed). 


Both artificially infected and uninfected swede seed was subjected to the above treatments, 
Artificial infection was obtained by soaking the seed for six hours in a heavy nutrient broth 
suspension of a virulent culture of X. campestris and then drying the seed on filter paper for 
six to seven days at room temperature. Seed samples treated with mercuric chloride or with 
bleaching powder solution were tested immediately after treatment. Seed treated otherwise 
was stored in ope. flasks for five to seven days before being tested. Part of each seed sample 
treated with aur-omycin was stored at room temperature for nine months for retesting to 
determine the stability of aureomycin and its compatibility with Arasan and Spergon dusts under 
these conditions. In the petri dish and greenhouse tests 50 seeds were used from each sample 
and 200 seeds from each sample were planted in the field tests. 

In a preliminary test to determine the efficacy of the various seed dressings against X. 
campestris, uninfected treated seeds were plated on yeast-beef-agar seeded with the pathogen. 
The diameter of the zone of inhibition around each seed after 24 hours' incubation at 27° C was 
taken as an index of the efficiency of the seed dressing. The bactericidal effectiveness of 
those treatments which produced zones 3 millimeters or more in diameter was tested by at- 
tempting to culture the organism from the agar immediately adjacent to the seed. A similar 
test was made with infected treated seeds except that the agar was left unseeded with X. 
campestris and the effectiveness of treatment determined by the percentage of seeds from 
which colonies of the pathogen developed. The X. campestris colonies were identified by plant 
inoculation and symptom expression on young swede seedlings. The phytotoxic effect and the 
control of the disease in seedlings were determined in greenhouse tests by planting the seed in 
nonsterilized soil. Observations were made up to 20 days. The results of these tests are sum- 
marized in Table 1. Determination of the effect of seed treatment on germination and the 
degree of control of black rot were also determined from field tests. Late in the growing sea- 
son 20 mature plants from each treatment were selected at random and transverse sections 
below the crown were examined for vascular discoloration as an indication of black rot infec- 
tion of the root. The results of the field tests are summarized in Table 2. 


RESULTS 


It is apparent from the results of the plate and greenhouse tests with infected and unin- 
fected seed, summarized in Table 1, that the aureomycin treatment was more efficient than 
the other ones. 

Treatment of uninfected seed, plated on X. campestris seeded agar, resulted in conspic- 
uously wider zones of inhibition where aureomycin was used and the diameter of the zones was 
even greater after aureomycin-treated seed was stored for nine months before plating. How- 
ever, the addition of Arasan or Spergon dusts to the aureomycin-treated seeds caused a slight 
but appreciable reduction in the zone diameters (Table 1, Fig. 1). The failure to recover the 
pathogen from the agar in the inhibition zone surrounding the seed treated with aureomycin is 
evidence of the bactericidal activity of aureomycin. It was possible to culture X, campestris 
from the clear zone surrounding seeds which had been treated with organic mercurial dressings. 

Phytotoxicity, as indicated by reduced germination of treated, uninfected seed, planted in 
greenhouse soil, or by abnormalities in the seedlings, was not evident with any of the treat- 
ments involving aureomycin, even if the treated seed was stored for nine months. Concentra- 
tions of aureomycin as high as 1:500 retarded germination slightly and produced a temporary 
purple discoloration of young swede seedlings. At concentrations of 1:1000 no retardation of 
germination or discoloration of the seedlings was observed. 

The plate test on unseeded agar showed that disinfection of artificially inoculated seed was 
complete where aureomycin was used, except in a few instances where Arasan or Spergon was 
also applied. 

Greenhouse soil tests with infected seed showed that when seed was treated with aureomy- 
cin the germination was increased and with aureomycin dilutions of 1:2500 and 1:1000 the per- 


Table 


Checl 
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Hg 
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2% Ce 
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Table 1. Results of agar plate tests and greenhouse soil tests of treated, uninfected and 
Xanthomonas campestris artificially infected Laurentian swede seed, before and “e 
after nine months storage at room temperature. 


: Uninfected seed : Infected seed 
Plate test : : 
Average : Greenhouse : Plate test : Germination Soil Test 
diameter of : Soil : Recovery of : Germination : Infected 
Treatment : inhibition zone : germination: pathogen =: : Seedlings 


‘Initial : 9 mo. ‘Initial: 9 mo.‘ Initial: 9 mo. : [Initial ‘9 mo. ‘Initial 9 mo. 


mm, mm. % % %o % % % 


Check 0 0 98 90 88 8 78 82 76 6 a 
Hot Water 0 -- 88 -- 14 -- 96 -- 0 4-- 
Hg Cl2 (1:1000) 1.4 -- 94 -- 2 -- 86 -- 4 ~~ 
Chlorine (2%) 0 -- 86 -- 6 -- 76 -- 0 -- 
Semesan i.5 -- 78 -- 6 -- 80 -- 18 -- 
N.I. Ceresan 1.5 -- 98 -- 50 -- 84 -- 4 -- 
2% Ceresan 1.0 -- 90 oe 58 -- 88 -- 26 -- 
Phygon 0 == 94 -- 90 -- 74 -- 44 -- 
Panogen 14 0 -- 80 -- 40 -- 98 -- 14 -- 
Arasan 0 -- 92 -- -- -- 78 -- 42 -- 
Spergon 0 -- 96 -- -- -- 84 -- 32 -- 
Aureomycin 
1:10, 000 6.8 8.2 80 86 0 0 92 94 16 0 
+ Arasan 4.7 5.1 90 92 6 0 90 94 28 0 
+ Spergon 5.5 7.5 96 96 6 0 92 94 a 0 
1:5000 7.9 42.4 90 90 0 0 92 98 4 0 
+ Arasan 6.4 8.6 86 94 0 0 92 96 10 0 
+ Spergon 7.3 10.0 88 88 0 0 88 96 10 0 
1:5000 + Methyl 
cellulose 8.1 -- 86 -- 0 -- 82 aid 10 -- 
+ Arasan 5.9 -- 94 -- 0 -- 94 -- 18 -- 
+ Spergon 8.4 -- 88 -- 8 -- 84 -- 20 -- 
1:2500 16.7 13.6 92 90 0 0 88 94 0 0 
+ Arasan oe 8.1 94 92 0 0 94 94 4 0 
+ Spergon o.t ai,7 90 92 0 0 90 86 0 0 
1:1000 14.3 17.0 92 96 0 0 92 88 0 0 
+ Arasan 8.5 10.0 90 92 0 0 88 88 0 0 
+ Spergon 13.3 14.5 92 84 0 0 94 94 0 0 
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Table 2. Results of field test of treated Laurentian swede seed, artificially 
inoculated with Xanthomonas campestris. 


; : Roots with 
Treatment : Germination : Seedling : vascular 
: infection : discoloration 
%o To % 
Check 54 48 30 
Hot Water 52 1 +a 
HgClg (1: 1000) 43 3 + 
Chlorine (2 percent) 69 2.5 + 
Semesan 57 23 + 
N.I. Ceresan 68 6 + 
2% Ceresan 68 25 + 
Phygon 37 1.5 + 
Panogen 73 1 + 
Arasan 66 21.5 + 
Spergon 74 24.5 + 
Aureomycin 
1:10, 000 59 3.5 0 
+ Arasan 52 0.5 0 
+ Spergon 59 6 0 
1:5000 49 5 0 
+ Arasan 56 3 0 
+ Spergon 65 1.5 0 
1:5000 + 3% Methyl cellulose 49 7.5 - 
+ Arasan 37 8 - 
+ Spergon 62 6 - 
1:2500 66 0 0 
+ Arasan 69 0 0 
+ Spergon 77 3 0 
1:1000 76 0 0 
+ Arasan 81 0 0 
+Spergon 17 0 0 


4 Infection of root presentas indicated by vascular discoloration, but actual 
percentage not taken. 


centage of infected seedlings was reduced to nil (Fig. 2). Only hot water and chlorine treat- 
ments gave comparable control, but with the latter germination was lower. It will be noted 
(Table 1) that the plate and greenhouse soil tests confirm the observation made by Richardson 
(12) that the percentage of infection in artificially infected seed drops rapidly in storage. 

In similar field trials (Table 2) aureomycin seed treatment with dilutions of 1:2500 or 
1:1000 eliminated seedling infection and gave increased germination. Examination of the roots 
at maturity showed no evidence of infection (vascular discoloration) where aureomycin had been 
used, whereas 30 percent infection was found in roots from untreated seed. 


CONCLUSIONS 


From the foregoing results it appears that treatment of swede seed by dipping the seed in 
an aureomycin solution of 1:1000 dilution for 30 minutes and drying the seed for at least three 
days not only disinfests but disinfects the seed and provides effective control of seed-borne 
Xanthomonas campestris infection. It might replace the hot-water treatment and eliminate the 
objectionable features of that process. It is also evident that this aureomycin seed treatment 
is compatible with the fungicidal dusts Arasan and Spergon in storage for as long as nine months 
and probably much longer without any loss of effectiveness. As aureomycin probably has little 
value as a protectant soil-borne pathogenic fungi, dusting the seed with Arasan and Spergon fol- 
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FIGURE 1. Antibiotic activity of aureomycin treated 
swede seed against Xanthomonas campestris after nine months 
storage as evidenced by clear zones. 


A -- Untreated check. B -- Aureomycin 1:1000 
C -- Aureomycin 1:1000 plus D -- Aureomycin 1:1000 
Arasan, plus Spergon. 


FIGURE 2. Control of seed- 
borne black rot of swedes by 30- 
minute aureomycin seed-soak. 

A -- Infected seedlings of untreated 
check. 

B -- Uninfected seedlings of 
aureomycin 1:1000 treated 
seed. 
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lowing aureomycin treatment may be desirable particularly because it does not seriously impair 
the effectiveness of the aureomycin treatment. Incorporating 3% methy! cellulose sticker in the 
aureomycin solution is not recommended because it causes clumping of the seed which, in turn, 
results in injury when the clumps are separated after drying. It is not known how effective 
aureomycin seed treatment might be against soil-borne inoculum of X. campestris but in all 
likelihood aureomycin is not stable enough in soil to provide protection. 
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VERTICAL DISTRIBUTION OF BROOMRAPE SEED IN TOMATO FIELD SOIL 


Stephen Wilhelm and Lee C. Benson 


Since the first report, 1929, of the broomrape pest, Orobanche ramosa L., ina field of 
tomatoes in Alameda County, California, considerable intensification and local spread have 
occurred. Rotations of five to ten years' duration with non-susceptible crops such as sugar 
beets, beans, and grains have not reduced the pest appreciably. However, marginal reproduc- 
tion on little preferred weed hosts as Solanum sarachoides Sendt., Capsella bursa-pastoris 
(L.) Medic., Amaranthus retroflexus L., and others (1) may have been a factor in its long 
survival apart from tomato. 

In the fall Orobanche ramosa produces minute seeds in great abundance on flower shoots 
6 to 12 inches high, and these seeds are the only means by which survival and dissemination 
are effected. Though the seeds are small, water, not wind, appears to be the chief natural 
means of successful dissemination (2). 

As part of a study of means of eradicating this pest, information on the vertical distribu- 
tion of seed in the soil was desired. Such information facilitates soil fumigation studies, aiding 
particularly in the selection of application technique and injection depth, and in determining the 
need of surface treating or sealing of the soil as with water or plastic covers. 

Samples of soil were collected from six depths(0-1 1/2, 11/2-3, 3-6, 6-9, 9-12, and 
below 12, inches) in July 1953 from five different stations in a field which had showed a high 
incidence of the parasite the previous year. The soil was a Yolo clay loam with a distinct plow 
sole at varying depths but at close to 6 inches in the areas of the field from which the samples 
were taken, The soil had previously been plowed, disced several times and planted to lima 
beans. Irrigation furrows were smoothed out and stakes were driven in to the level of the 
smoothed soil surface, these serving as reference points in measuring depth. Great care was 
taken not to contaminate the lower soil samples with surface soil. 

Soil collected from each depth was put into 8-inch pots and five Pearson tomato seedlings 
were transplanted into each pot. These were allowed to grow for three and one half months 
during which time a record was kept of the number of broomrape shoots which appeared in each 
pot. Since the broomrape plant branches underground, some of the shoots counted in crowded 
pots may represent such branches, but since most pots were not crowded, branch shoots were 
not confused with main shoots, and the number of shoots appearing in a soil sample is probably 
directly indicative of the seed potential of the sample. (Table 1). No other method is known at 
present whereby broomrape seed in soil can be detected in the laboratory. 


Table 1. The vertical distribution of Orobanche seed in soil indicated by 
the number of shoots appearing per unit volume of soil of dif- 
ferent depths. 


Station : Depths in inches 
0-11/2 11/2-3 3-6 6-9 9-12 Below 12 
1 4% 2* 3* 1 0 0 
2 26* 4* 8* 1 0 0 
3 8* 3* 5* 3* 0 0 
4 0* 0* i+ 0 0 0 
5 0* 0 0 0 


a Soil in which common weeds and grasses also appeared. 


In samples from four of the five stations broomrape appeared within three and one half 
months, The data (Table 1) indicate that seed was distributed throughout the upper 9 inches of 
the soil, the greatest concentration being in the upper 6 inches. In no instance was broomrape 


lr 
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detected below 9 inches. The soil samples yielding broomrape also yielded the greatest number 
of weeds and grasses, in fact the vertical distribution of common weed seeds agreed closely 
with that of broomrape. The depth of tillage appears to have been the greatest factor in deter- 
mining this vertical distribution. 

The presence of broomrape seed in the upper one and one-half inches of the soil may pose 
the greatest problem to eradication by fumigants unless special measures are taken to treat or 
seal the surface. These data do not indicate that broomrape seed persists in the surface soil, 
however, nor that it is resistant to drying since the soil had been plowed and disced within one 
month of obtaining the samples. 
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PYTHIUM STEM ROT AND WILT OF PEPPER 


J. L. Apple and D. F. Crossan 


During late June, 1953, a disease having symptoms similar to those produced by Phytoph- 
thora capsici Leonian was noted in several pepper (Capsicum annuum L)) fields in Eastern 
North Carolina. In most instances the disease was causing relatively little damage except at 
one location where approximately 30 percent of the plants were killed. Isolations from diseased 
plants consistently yielded a species of Pythium. Phytophthora capsici was not isolated. 

Inoculation experiments showed the Pythium isolates to be pathogenic. Potted pepper plants 
(California Wonder variety) 6 to 8 inches in height were inoculated without injury by placing 
bits of inoculum from Petri plate cultures in the axis of the petioles. The plants were held in 
a moist chamber at 70° to 809 F, First visible symptoms appeared within two days as dark, 
water-soaked lesions on the main stem and petioles. The younger stem tissues toward the top 
of the plant were rapidly invaded and frequently the entire terminal portion of the stem was 
killed (Fig. 1). The progress of the fungus down the stem was much slower. 


FIGURE 1. Pepper plant four 
days after inoculation with Pythium 


spp. 


In water culture, the causal fungus produced lobulate to tuberous sporangia which were 
often irregularly branched. Germination was indirect. The sporangia] contents escaped by 
means of a long exit tube into a hyaline, indistinct vesicle where the zoospores were delimited. 
The oospores averaged 20.9 microns in diameter. The antheridia were both monoclinous and 
diclinous. This agrees generally with the description and figures of Pythium aphanidermatum 
(Edson) Fitzpatrick given by Middleton (1). 

Reitsma and Sloof (2) found that an isolateof P. aphanidermatum isolated from sisal 
(Agave spp.) was highly pathogenic to pepper seedlings. _P,aphanidermatum has also been 
reported as causing a rot of pepper fruit (3). 

A survey of the literature revealed no previous report of a stem rot and wilt of pepper 
caused by a species of Pythium. 
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PHY TOPHTHORA BLIGHT OF SUMMER SQUASH 


D. F. Crossan, F. A. Haasis, andD. E. Ellis 
ABSTRACT 


A hitherto undescribed leaf and stem blight of summer squash (Cucurbita pepo var. 
condensa) occurs periodically in North Carolina. The disease is characterized by a soft 
watery breakdown of leaf blades, petioles, and stems followed by rapid wilting and death of the 
plant. Fruits are also infected. The disease is severe in warm, moist weather and has oc- 
casionally caused complete loss of some plantings. A fungus identified as Phytophthora capsici 
was isolated from diseased plants. Isolates from squash were compared with P. capsici 
obtained from infected pepper plants. Isolates from both suscepts were identical morphologi- 
cally. Cross-inoculations showed that isolates from both hosts caused leaf blight, stem lesions, 
wilting and death of pepper and squash plants. The fungus can infect squash leaves by direct 
penetration. 


INTRODUCTION 


A destructive leaf and stem blight of summer squash (Cucurbita pepo L. var. condensa 
Bailey) has occurred sporadically since 1948 in several plantings in the Coastal Plain and 
Piedmont areas of North Carolina. A fungus tentatively identified as Phytophthora capsici 
Leonian (1) has been consistently associated with this disease. Although there are a number of 
reports of Phytophthora spp. associated with fruit rots and other diseases of curcurbits (2, 3, 

4, 5,6, 7, 8, 9, 10), no reference has been found to a stem and leaf blight of summer squash 
similar to the disease observed in North Carolina. Apparently, the first report of P. capsici 

as a pathogen on a cucurbit was by Tompkins and Tucker (8) in 1937. They reported that P. 
capsici caused a fruit rot of melons (Cucumis melo L. var. inodorus Naud.) but did not attack 
the vines. In inoculation experiments they also found the fruits of pepper (Capsicum annuum L.), 
pumpkin (Cucurbita pepo var. condensa), squash (C. maxima Duch.), muskmelon (Cucumis 

melo L.), and cucumber (C. sativus L.) to be susceptible. 

In the same year Kreutzer (3) reported a severe fruit rot of cucumber caused by a species 
of Phytophthora, which under controlled conditions caused a wilt of pepper and fruit rot of cu- 
cumber, squash, and pepper. He believed the organism was either closely related to or a 
strain of P. capsici. 

In 1940 Wiant and Tucker (12) reported a rot of Winter Queen watermelons due to P. 
capsici. Kreutzer, etal. (4) associated P. capsici with a serious rot of tomato and cucumber 
fruits and a wilt of squash (C. maxima) and watermelon vines. 

In 1941 Tompkins and Tucker (10) described a root rot of bell pepper and pumpkin (summer 
squash, C. pepo var. condensa). Under field conditions the root system and the basal portions 
of the stems of these two hosts showed a soft, wet decay followed by sudden wilting. 

In 1950 Malaguti and Pontis (6) reported on the occurrence of P. capsici in Venezuela, 
where it caused a blight of pepper, and a rot of tomato and squash fruit. Isolates of the fungus 
obtained from pepper, tomato, and squash were pathogenic to pepper and tomato. 

In the present work the morphology and pathogenicity of isolates of P. capsici obtained from 
blighted pepper plants and isolates obtained from squash were compared in an effort to deter- 
mine if a single organism were involved in the two diseases. 


SYMPTOMS 


The description by Tompkins and Tucker (10) of a basal stem rot followed by sudden wilting 
fits in part the symptom complex of the disease found in North Carolina. However, the most 
conspicuous phase of the disease under field conditions in North Carolina is a leaf and petiole 
blight followed by collapse of the stems. No reference has been found to a similar aerial blight 
of summer squash. Leaf lesions are at first light green in color, rapidly become water-soaked 
in appearance and spread over the leaf blade causing its collapse. Petioles show water-soaked 
spots followed by collapse of the tissue. Invasion of the stem results in rapid and complete 
wilting (Fig. 1). The disease is most severe during warm, humid weather. 
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FIGURE 1. Portion of 
field of summer squash 


killed by Phytophthora blight. 


MORPHOLOGY 


Isolates of the fungus from blighted squash and pepper were similar in culture and morpho- 
logically conformed to the descriptions of Phytophthora capsici given by Leonian (5) and Tucker 
(11). Sporangia were produced sparsely when the fungus was grown on oatmeal agar. When 
blocks of agar on which the fungus was growing were placed in sterile water, sporangia formed 
abundantly in four to five days. By subjecting a culture to a sudden change in temperature the 
sporangia delimited and discharged zoospores. Isolates from both sources responded identi- 
cally to the effect of temperature on growth in culture. A trace of growth occurred at 12° C 
after three days on oatmeal agar. The amount of growth was progressively greater at higher 
temperatures up to 28°. Maximum growth occurred between 28° and 32°, and no growth occur- 
red at 36°. 


INOCULATION RESULTS 


Leaves and petioles of potted squash and pepper plants were inoculated with drops of 
zoospore suspensions. The plants were held in a moist chamber where the temperature varied 
from 70° to 829 F. Lesions were evident approximately 16 hours after inoculation on both 
squash and pepper leaves. These lesions were irregular, greyish-green, water-soaked spots 
1/4 to 1/2 inch in diameter. 

Tomato, pepper, and cucumber fruits were also inoculated with zoospore suspensions. 
These were held in a moist chamber at approximately 20° to 250 C. After three days the tomato 
and cucumber fruits developed large water-soaked lesions, whereas the pepper fruits developed 
light tan, rather dry lesions. Five days after inoculation, all of the fruits had about half of 
their surface area infected. The fungus sporulated on the fruits of all three hosts, producing 
a tufted growth of mycelium and sporangia over the lesion surface. 

In another series of inoculation experiments the fungus was grown on oatmeal agar, and 
inoculum consisted of a mycelial suspension prepared in a Waring Blendor. Potted pepper and 
squash plants were removed from pots and measured aliquots of the fungus suspension poured 
over the roots. The plants were repotted and held on a greenhouse bench. The squash plants 
began wilting in 5 days and the pepper plants 14 days after inoculation. In both instances the 
plants were attacked in the basal stem region and were dead several days after showing the first 
symptoms of wilt. 

Comparable results were obtained in all of the inoculation tests using isolates from squash 
or pepper. Sporangia were produced in lesions on both hosts following inoculation with isolates 
from either host. The incubation period and symptom expression for the respective hosts were 
the same regardless of the isolate source. These results are in agreement with those of other 
workers (2, 4, 10) who have associated P. capsici with root or fruit rots of various cucurbits. 


PENETRATION 


The manner in which the fungus penetrates pepper or squash leaves has not previously been 
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(() Q 

FIGURE 2. Germination of 

Phytophthora capsici zoospores and 

Q leaf penetration 80 minutes after 

\ inoculating a squash leaf; camera 

lucida drawing from cleared-leaf 
tissue. 


\ 
demonstrated. In the present investigation a study was made of its penetration of squash 
leaves. Drops of zoospore suspensions were placed on the squash leaves and on agar plates. 
The zoospores on the plates were observed through a microscope. Some came to rest 20 min- 
utes after being placed on the agar, and 30 minutes after coming to rest, small germ tubes were 
visible. Using this as an indication of the activity of the spores on the leaf surface, discs of 
leaf tissue € mm. in diameter were cut from the squash leaves at the points where zoospores 
had been placed. Additional discs were cut from the leaf surface at ten-minute intervals over 
a period of two hours. The discs of tissue were fixed in a mixture of equal parts of glacial 
acetic acid and 95% alcohol for 24 hours, then transferred to 70% lactic acid until clear. The 
cleared tissue was then stained with dilute lacto-phenol cotton-blue. It was found that in ap- 
proximately 80 minutes after inoculation the zoospores had germinated and pseudoappressoria 
had formed at the ends of the germ tubes (Fig. 2). Beneath the appressorium-like swellings 
infection hyphae had passed through the epidermis. 
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STUDIES AND OBSERVATIONS ON LETTUCE POWDERY MILDEW 


Josué A. Deslandes! 


Seymour (3), Whitaker and Pryor (6), Pryor (2), and Weiss (5) have referred to Erysiphe 
cichoracearum DC, as occurring on cultivated lettuce in the United States. However, until 
recently no mention had been made of powdery mildew as a serious disease of commercial fields 
of lettuce. 

Surprisingly enough, when lettuce powdery mildew was observed during the fall of 1951 in 
the Salinas Valley of California, it was already widespread and causing considerable damage 
(4). Next year Deslandes, et al. (1), observed new outbreaks of the disease in the same area. 
This time abundant perithecia of E, cichoracearum were found. The authors conjectured from 
this consecutive occurrence and the appearance of the perithecial stage, that there may be 
reason to expect the disease to occur more frequently than in the past. 

For three months (1952-1953) studies and tests on this disease were made, mostly at the 
Department of Plant Pathology, University of California, Davis, California. This work con- 
sisted mainly of field observations and limited survey, determination of hosts of the lettuce 
strain of E. cichoracearum including many lettuce varieties, tests of the susceptibility of cul- 
tivated lettuce to E. cichoracearum from different hosts, studies of the effect of moisture and 
temperature on conidial germination, infection, and mildew development. The tests were 
carried on with potted plants in two greenhouses of different levels of temperature and moisture, 
and on detached leaves in Petri dishes. 


EFFECTS OF HUMIDITY AND TEMPERATURE 


1. Conidia of lettuce Erysiphe cichoracearum usually germinate very poorly or not at all 
on microscope slides, even in a moist chamber, in contrast with conidia of Uncinula necator 
and other Erysiphacae which usually germinate well under comparable conditions. 

2. High humidity (85% R.H. or more) is essential for conidial germination, for infection, 
for mycelial growth and for sporulation. 

3. Conidia lose their viability very easily, principally under dry and warm conditions, 
and seem to suffer some sort of inhibition. In an open greenhouse of low relative humidity and 
of relatively high temperature (21° to 26° C) most of the inoculations resulted in failure or in 
poor mildew development. 

4. A higher percentage of conidial germination was obtained at temperatures from 18° to 
249 C, For mycelial growth and mildew development temperatures closer to 18° proved to be 
more favorable. 

5. Temperatures as low as 10° C were favorable for germination and growth, although 
development was slower than at higher temperatures. 

6. Holding conidia at -10°9C for 24 hours apparently did not affect their viability. 

7. Very little germination of conidia was observed on detached leaves incubated at temper- 
atures higher than 26°C, and practically none occurred at 30° and 33°. 

8. Good germination occurred in plain water and on water agar. The germinating conidia 
when transferred to lettuce leaves caused infection, 


CONDITIONS FOR INFECTION AND MILDEW DEVELOPMENT 


1. The physiological condition of the host is very important for lettuce powdery mildew 
development. The disease develops poorly on young seedlings or rapidly growing plants, and 
is therefore primarily a disease of mature, strong, green leaves. 

2. It is not safe to use seedlings for the test of powdery mildew resistance in lettuce. 

3. Lettuce varieties of short cycle or of tender foliage like those of "butter head" types 
and the "salad bowl" variety are resistant to powdery mildew. In varieties of long cycle, com- 
pact heads, persistent and green leaves E, cichoracearum has time, nourishment and shelter 


1 Plant Pathologist, Instituto Agronomico, Pelotas, RS, Brasil, temporarily at the University 

of California, Davis, California. 

Acknowledgement. The author wishes to express his gratitude for the fellowship granted him by 
the PointIV program, for the facilities secured from the head of the Department of Plant Pathology, 
University of California, Davis, California, and for the assistance and cooperation of Professors 
W.C. Snyder, R. G. Grogan, W. B. Hewitt, Dr. Charles Delp, andMr. Roy Bardin. 


path 
oped 


but 1 
did 1 


lettu 
sam 


for lu 
it has 
| 4 
infec’ 
for a: 
lettuc 
both | 
show 
as cc 
dery 
Sunf] 
Caiif 
| ties) 

| Cale 
Cale 
vulg 
diffe 

\ 
to o 
| Sali 
geth 
| wea 
seve 
— the 
ins 
lett 
cult 
Apr 
con: 
som 
as t 


Vol, 38, No, 8--PLANT DISEASE REPORTER--Aug. 15, 1954 561 


for luxuriant and long growth. Great Lakes is a good representative of the latter group, and 
it has shown the greatest susceptibility. 

4, Under favorable conditions, four days is time enough for conidial germination, host 
infection, mildew development, and sporulation, and there is abundant sporulation and growth 
for as long a time as the physiological condition of the host permits. 
ei 5. Perithecia of E, cichoracearum (lettuce strain) were found on cultivated lettuce, wild 
Ids lettuce (Lactuca scariola), bull thistle (Silybum marianum), sunflower, chicory, and endive, on 
both detached leaves and potted plants. 


HOST RANGE OF LETTUCE POWDERY MILDEW 


n Snyder et al. (4) examined a small experimental variety plot containing a number of 
breeding lines and commercial head-lettuce varieties, and reported that practically all of them 
showed some mildew. However, many varieties suffer little or no damage from the disease, 
as confirmed by artificial inoculations in the greenhouse and laboratory. 

Two forms of Lactuca serriola and Silybum marianum were very good hosts of lettuce pow- 
dery mildew. The disease developed very well on stems and leaves of their young seedlings. 
Sunflower (Helianthus annuus) also wasa good host, and its wild form occurring near Davis, 
California, was also susceptible, 

Cultivated hosts of potential importance are: globe artichoke, chicory (six Italian varie- 
re, ties), and endive (curled and broad leaf varieties), 

Out of the many species tested as detached leaves or potted plants, the following showed 
some susceptibility, although usually slight, to lettuce powdery mildew: Cineraria cruenta, 
Calendula officinalia, Centaurea solstitialis, Hypochoeris radiata, Baccharis douglasii, Senecio 
vulgaris, Taraxacum officinalis, and Grindelia camporum. 

Inoculation of the lettuce strain of E, cichoracearum was positive when inoculum from the 
different hosts was used for cross inoculation or to inoculate cultivated lettuce. 


SUSCEPTIBILITY OF CULTIVATED LETTUCE TO POWDERY MILDEW 
OF OTHER COMPOSITAE 


Erysiphe cichoracearum from wild lettuce (L. scariola) of the Davis region proved to be 
pathogenic to Great Lakes lettuce and Silybum marianum. However, only a light mildew devel- 
oped on cultivated lettuce. 

E, cichoracearum from Silybum marianum of the Davis region is pathogenic to wild lettuce 
but not to cultivated lettuce. The fungus from S. marianum, even when grown on wild lettuce, 
did not infect or grow when transferred to cultivated lettuce. Paid 

Other isolates of E. cichoracearum which gave negative results when inoculated to cultivated e 
lettuce included those from Calendula officinalis, Zinnia elegans, and Picris echioides. The 
[ same was true with the Sphaerotheca sp. from Taraxacum officinale at Davis, California. 


FACTORS FOR EPIPHYTOTICS OF LETTUCE POWDERY MILDEW 


When a survey for lettuce powdery mildew ended in February 1953, the disease was known 
to occur in the Salinas Valley only, but not in the Watsonville area, which is very close to 
_ Salinas and has many comparable conditions. 
: In the Salinas Valley three factors necessary for epiphytotics apparently are working to- 
a gether: favorable environment, susceptible host, and abundant inoculum. 
E Environment has been favorable for the fungus which thrives only under mild or cool 
_ weather, high air moisture, and low to medium light intensity. Such weather occurs during 
t several months of the lettuce season in the Salinas area. 

Host. In the Salinas Valley E. cichoracearum has susceptible hosts in abundance most of 

_ the year, For about nine months there is lettuce in the big commercial fields and almost all year 
_ in small acreages for supplying local markets. The Great Lakes variety is very susceptible to 
— | lettuce powdery mildew and the disease became more important after that variety became widely 
cultivated in the Salinas Valley. On Great Lakes powdery mildew may be found as early as 
April, is prevalent from August to December, and can persist in old plants until February. 

Inoculum. The lettuce strain of E, cichoracearum is very prolific. Enormous numbers of 


conidia are formed in a very short time. Perithecia, whatever importance they may have, are 
sometimes plentiful on lettuce and probably on other hosts. Environmental conditions are such 
as to favor the viability of this inoculum. 
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Lactuca serriola and Silybum marianum are widespread weeds of long cycle. They act as 
hosts for the lettuce pathogen for a long time, and produce much inoculum which passes easily 
to lettuce. Other potential sources of inoculum are not only common weeds but cultivated plants 
like artichoke, sunflower, endive and others, also grown in the Salinas Valley. 
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NEW AND UNREPORTED SPECIES OF HOSTS 
FOR ERYSIPHE CICHORACEARUM DC, 1 


John A. Schmitt, Jr.2 


During a series of infection experiments for a study of the host specialization of the 
powdery mildew, Erysiphe cichoracearum DC., from Zinnia elegans, Cerinthe major, and 
Helianthus annuus, three previously unreported species of hosts were found. These new host 
species are Zinnia verticillata and Z. pauciflora of the Compositae, and Salpiglossis sinuata of 
the Solanaceae, 

The two new host species in Zinnia are species not grown horticulturally, to the writer's 
knowledge, in the United States. Seeds of these species were sent to the writer by the Botanic 
Gardens of the University, Uppsala, Sweden. Salpiglossis sinuata is a species formerly used 
rather extensively as a garden ornamental. The experimental material of this species was ob- 
tained from Dr. C. D. La Rue of the University of Michigan, where this study was performed. 
Infection first occurred as a contaminant on Dr. La Rue's plants. New material from the same 
seed lot was then grown and inoculated experimentally. 


Table 1. Reaction of Zinnia verticillata, Z. pauciflora, and Salpiglossis sinuata, 
hitherto unreported as hosts for Erysiphe cichoracearum, to inocula- 
tion with the fungus from the indicated sources. 


Source of : Reaction of inoculated plants 
inoculum : Zinnia verticillata : Zinnia pauciflora : Salpiglossis sinuata 
Zinnia elegans III (12)@ III (20) II (15) 
Helianthus 
annuus II (26) II (32) I (5) 
Cerinthe major II (5) II (18) I (5) 


Roman numerals = reaction type. Arabic numerals = numberof inoculations. See text. 


In all inoculations of these three new host species infection was well-established and always 
occurred in 100 percent of the trials. Successful reciprocal infections verified the common 
susceptibility of the host species involved. In Table 1 the Arabic numerals show the number of 
inoculations from each inoculum source onto each species of host. The Roman numerals indi- 
cate the infection reaction types, graded on the following system: I -- slight mycelial devel- 
opment with slight or no conidial production; II -- abundant development of mycelium with no or 
only slight conidial production; and III -- mycelium and conidia developed abundantly. 


FINDLAY COLLEGE, FINDLAY, OHIO. WORK DONE AT UNIVERSITY OF MICHIGAN 


1 This work represents a portion of the research presented in partial fulfillment of the doctorate 
requirements at the University of Michigan, February 1954. 

2 Formerly, Teaching Fellow in Botany, University of Michigan; presently, Professor of Biology, 
Findlay College, Findlay, Ohio. 
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JASMINE GALL PRODUCED BY A NEW SPECIES OF PHOMA 


E. M. Hildebrand 


The writer reported a fungus gall on winter jasmine from Arlington, Texas in 1949 (2). 
It was noted then that a similar fungus gall disease had been observed and collected in New 
York, on rose in 1937 and on forsythia in 1938. These galls were definitely of fungus origin 
and answered the description of the galls reported by Brown (1) on privet and jasmine from the 
District of Columbia. Subsequently, the writer has observed injury to other jasmine hedges or 
borders in Central Texas including one at the Texas Research Foundation in Renner. This gall 
has not been observed in the Gulf Coast Area nor have reports of it appeared from other parts 
of the State or country. This report is submitted, inviting specimens, or information on occur- 
rence on jasmine, privet, and other ornamentals in other areas of the United States. 
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FIGURE 1. Fungus galls __ FIGURE 2. Fungus galls sis 
produced on winter jasmine by 
wounds and spray inoculation, y wound and spray inoculation, F 
produced on old galls. Photo- on Phete- 
graphed 8 weeks after inoculation. graphed 8 weeks after inoculation. Den 
The fungus galls were readily induced on winter jasmine (Figure 1), on large-leafed privet Lite 
(Fig. 2), and on small-leafed jasmine (Fig. 3), by wounding and spray inoculation, employing _— 
a spore suspension from mature fruiting galls (Fig. 4). 4 
As was previously reported (2) the fawn-gray cultures produced pycnidia on potato-dextrose 
agar. The spores were identical with spores from mature fruiting galls and were studied for 
identification. 
Brown (1) considered the causal fungus to be a species of Phomopsis because the charac - 
teristic a and b spores were present in her cultures. None of the b spores were found in the 
writer's cultures. W. W. Diehl (1949)! stated: "In your material I find many pycnidia of vari- PLA 


1Diehl, W. W. 1949. Correspondence during 1949. 
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FIGURE 3. Fungus galls induced on small- 
leafed jasmine by wound and spray inoculation 
with spores produced in pycnidia on old galls. 
Photographed 8 weeks after inoculation. 

FIGURE 4. Mature fungus galls collected 
from severely diseased planting at Arlington, 
Texas in October 1948. 


able dimensions, as you note, but I do not find any of the b spores....."" In a search of the 


literature he fqund no record of a Phoma that induces gall formation. He concluded that the 
small-spored Phoma under study, with measurements the a spores of 3.3 » x 1.56 p, had not 
been described. This fungus is demonstrably the cause of the jasmine galls and is probably a 
new species, 

Moesz (3), reporting on the species of Phomopsis in Europe, gives a rather complete illus- 
trated account of 16 different species, none of which have been recorded as a gall-former. He 
lists Phomopsis jasmini (Cke.) Traverso, with a spores 6-9 x 2-2.5 », conidiophores 13-16 x 
3, and b spores 16-30 x 1.5. The nearest species in spore size to the Texas fungus is 
Dendrophoma jasmini Syd. f. nudiflori Moesz (3). 


This note constitutes an invitation for others to help clarify the situation. 
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CAMELLIA VARIEGATION IN TEXAS 


E. M. Hildebrand 


During a survey of the plant health situation in the Houston area in March 1952, 98 dif- 
ferent plant hosts were recorded with one or more prevalent disorders. On invitation, home 
gardeners brought their problems, questions, and specimens to the Plant Health Booth at the 
four-day International Flower and Garden Show for diagnosis and comments or prescription. 
All pest problems were recorded and classified according to host and causal agent. They con- 
stituted a cross-section of diseases, pests including insects and other animals, and soil or 
climatic disorders. The gardeners supplied 112 camellia health problems which were of 22 
distinct kinds -- 9 disease, 6 insect, and 7 soil or climatic, totalling, respectively, 29, 57, 
and 26 cases. The most prevalent disease condition was variegation. The most prevalent in- 
sect pest was camellia or tea scale. The most common soil or climatic disorder was off-color 
stunted foliage. 

The 1952 survey was the first of three annual surveys conducted during the month of March, 
The surveys were preceded and followed by many visits to homes and to nurseries and retail 
establishments handling camellias and other ornamental plants. To determine the source and 
incidence of Camellia variegation, observations were made of plants in trucks and vans from 
Louisiana and eastward being unloaded in Houston. Thus the condition of camellias and other 
ornamentals on arrival and in selling was noted, and subsequent performance of the plants in the 
gardens of Houston as well. 

The high mortality of camellias and azaleas is taken for granted by practically all con- 
cerned, One estimate is that about one-fourth of these plants must be replaced annually. Such 
high mortality indicates that knowledge of and skill in garden maintenance of camellias is in- 
adequate. 

The first requisite for camellias is correct soil condition for the roots. Houston is reputed 
to have at least 55 different kinds of soils. Landscape murserymen sell so-called camellia and 
azalea soils, but the plants continue to die. In one recent case two tree camellias were not 
doing well in a home garden even though all the nurseryman's directions had been followed for 
nearly a year from planting. The feeder roots were dying. The soil test showed a soil very 
fertile but with a pH of 6.9, much too high for camellias for which the most favorable pH range 
is between 4.8 and 5.8. Acidifying the soil to the correct pH range with aluminum sulfate re- 
stored the trees to health within a few months' time. 

Because of the prevalence of variegation noted in the surveys and in the shipments Louisi- 
ana was visited to investigate sources. Many of the plants sold in Louisiana had been trans- 
shipped from Alabama. Gardeners and nurserymen there also did not consider variegation a 
disease. In the popular sense this viewpoint is understandable, since the disorder does not 
spread readily. 

Plakidas! in Louisiana recently demonstrated graft transmission of leaf and flower varie- 
gation in camellias, but he obtained no evidence for spread from plant to plant. Plakidas also 
recognized that natural genetic variegations or "bud sports" occur in a few varieties, such as 
Tricolor, Herme, La Peppermint, Elizabeth, Vashte, Bella Romana, etc. However, the 
genetic color break forms regular patterns, never the irregular blotches characteristic of in- 
fectious variegation. Occasional bud sports are observed. One was seen at a private home in 
Houston on February i2, 1953. A healthy Purple Dawn plant had a large single flower which the 
owner called "azalea-like", on one twig between several typical doubles. 

Plakidas' findings are definitely applicable to the Texas situation as observed locally, in- 
cluding the prediction that all colored varieties exhibiting irregular splotches on foliage and 
irregular white splotches on petals will be found to be virus infected. Devitalization due to vi- 
ruses is always less pronounced in a slow-growing plant like camellias. When both variegation 
and unsuitable soils are factors only scientific diagnosis and recommendations can give satis- 
factory control. 

Infectious variegation appears to be on the increase in recent years. This can be attributed 
to several causes, of which two are now operative in the camellia industry: 1) more growers 
are looking for bud sports; and 2) prevalence of the variegation virus (or viruses) is greater in 
sasanqua camellias, the principal rootstock of the grafted varieties. Some of the writer's notes 
taken at different times may be quoted: 


1Plakidas, A. G. 1954. Transmission ofleafand flower variegation in camellias by grafting. 
Phytopathology 44: 14-18. 
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Observation A. In 1951 a garden was visited that contained many varieties of camellias. 
Some of the varieties that showed marked variegation coupled with generally poor growth and 
dieback were: Gloria Deantes, Chandler Elegans, Lostia, Mind-No-Uki, La Reine Variegata, 
Pink Perfection, Rose Dawn, and Purple Dawn. 

Observation B. 1In1952a variable percentage ofall varieties in a retail establishment showed 
variegation symptoms: Pope Pius, Monarch, Fanny Bolles, Chinese Variegated, Glore de 
Nantes, Lady Jan Ong, C. M. Hovey, Gosho Grienen, Pink Perfection, and Chandler Elegans. 
The spellings used here were taken directly from the labels. 

Observation C. In February 1954 several van loads of azaleas and camellias arrived from 
Alabama. The following camellia varieties all showed variegation, ranging from 5 to 65 percent: 
Purple Dawn, Pope Pius, Prof. Sargeant, Pink Perfection, Brookleyana, Alba Plena, Fanny 
Bolles, Eleanor Fairhope, Chandler Elegans, Jarvis Red, and Debutante. Two sasanqua varie- 
ties were included: Snow-On-Mountain, which showed both mosaic and ringspot symptoms, and 
Maiden's Blush, with some mosaic and much scale. These plants were in active growth when 
the shipment arrived, with mosaic symptoms on the mature leaves and chlorotic ringspot on the 
younger growing leaves. The chlorotic ringspot is considered a positive symptom of virus in- 
fection. 


The progress of devitalization of affected branches has been under observation for several 
years. Some affected plants in home gardens that receive good care can be kept alive and in 
bloom for several years. The prevalent notion among gardeners, which no attempt has been 
made to correct, is that leaf and flower variegations in camellias are natural. It is argued that 
variegation cannot be a disease because the symptom is so common and because there is no 
striking injury effect. The investigator will observe the devitalization effect only when the soil 
condition favors good growth. With soils so variable as they are in Houston a complete soil test 
is requisite for diagnosis and prescription. 

In proper soils a healthy plant can endure much more exposure to full sunlight than a varie- 
gated one, which exhibits sunburned leaves and a general sickly appearance. The leaves are 
noticeably smaller, and twigs and bud stems weaker, and degeneration progresses slowly. As 
Plakidas has pointed out, in genetic variegations or chimeras, which often appear as stripes or 
bars, the color, size, and shape of the foliage are otherwise normal. 


Discussion and Conclusions 


Variegation is one of the limiting factors in growing camellias in Houston, but unsuitable 
soil and unsatisfactory drainage and irrigation easily rank first, while location with relation to 
other plant roots and to sun or shade is also important. 

Plakidas reported from Louisiana that much of the leaf and flower variegation in camellias 
is of virus origin, as demonstrated by grafting and propagation. He transmitted leaf variegation 
from Camellia japonica to 16 varieties plus two seedlings, of C. japonica, and also to two varie- 
ties of C. sasanqua; and from C. sasanqua to varieties of both C. japonica and C, sasanqua. 
Observations in Texas are in conformity with his findings. 

Variegation is an interstate problem which can only be corrected at its source. Since 
variegation is spread only through propagation practices, the source of the plants is the origin 
of the disease. 


PLANT DOCTOR SERVICE, 4810 WINFREE DRIVE, HOUSTON 21, TEXAS 
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INDEXING STRAWBERRIES INFECTED WITH NON-PERSISTENT 
VIRUSES BY USE OF DETACHED LEAVES AND APHIDS! 


P. W. Miller 
ABSTRACT 


The strawberry aphid (Pentatrichopus fragaefolii) will transmit strawberry viruses from 
detached strawberry leaves in petri dishes to indicator plants of Fragaria vesca. Tenor 15 
aphids per detached leaf are more efficient than only 5. Non-persistent viruses are readily 
transmitted but persistent viruses are usually not recovered by this technique, probably be- 
cause aphids can not survive on the detached leaves for periods of time sufficient to acquire the 
persistent viruses. This technique can be used to detect virus-infected strawberry plants when 
the virus incidence in the samples is high but it is of little value when the virus incidence is low, 
It can not be used to certify plants as virus-free because the persistent viruses are not detected, 


INTRODUCTION 


The standard method of indexing strawberry plants for viruses has been to graft their sto- 
lons to stolons of virus-sensitive strains of Fragaria vesca by inarch grafts (1, 2, 4). This method 
has certain disadvantages that limit its usefulness, Both plants must have stolons; this frequently 
entails a long wait until stolons are produced on both. When the stolons fail to unite, more | 
time is lost while the plants are regrafted. Because of these limitations, a search was made 
for a faster method of indexing. T 
A method first used by Posnette and Booey (5) and Posnette, Cropley and Ellenberger (6) 
was found to avoid some of the disadvantages of the graft technique. In this method, leaves are 
detached from the plant being indexed and placed on moist filter paper in covered petri dishes. 
Virus-free strawberry aphids (Pentatrichopus fragaefolii) are then placed on the leaves and 
later transferred to healthy F. vesca indicator plants. A discussion of tests carried on by the ) 
writer to determine the best procedures to use to obtain transmission from infected plants by 
this method is given herein. 


EVALUATION OF DETACHED-LEAF TECHNIQUE 


Number of Aphids Needed per Leaf: To determine the optimum number of aphids needed on 
a leaf in order to give positive virus transmission, 5, 10, and 15 virus-free aphids, respec- 
tively, were put on different detached leaves from known viruliferous plants and left there 48 
hours; they were then transferred to different, healthy F. vesca indicator plants where they fed 
for 48 hours after which they were killed by fumigation with "nicofume". Three weeks after- 
wards, the indicator plants were examined for evidence of virus infection (Table 1). 
Positive transmission was effected better by 10 to 15 aphids per leaf than by only 5. 


Longevity of Aphids on Detached Leaves: For aphid transmission from detached leaves to i 
be a reliable method of determining the presence of viruses in strawberry plants, the aphids 
must remain alive long enough for them to acquire all known virus components. A 48- to 72- 
hour infection feed period is apparently sufficient for strawberry aphids to acquire all known = 
virus components except crinkle (Prentice's virus 3) (3, 7, 8, 9). Prentice (9) reported that 
virus 3 was transmitted only after an infection feeding period of six days or longer. 

To indicate how long the aphids will stay alive on detached leaves, a specific number were 
placed on each of ten detached leaves on moistened filter paper in covered petri dishes and in- 
cubated at room temperature. The number of aphids alive and feeding on each leaf was deter- 
mined after 24, 48, 72, and 96 hours, respectively (Table 2). Of the aphids tested, 83 percent 
were still alive after 24 hours, 71 percent after 48 hours, 34 percent after 72 hours, and 11 
percent after 96 hours. It is evident that most of the aphids died before they had lived long 
enough to acquire all known strawberry viruses. 


1 Approved for publication as Technical paper No. 828 by the Director of the Oregon Agricultural 
Experiment Station and by the Chief of the Horticultural Crops Research Branch, U. S. Department 
of Agriculture. Contribution of the Department of Botany and Plant Pathology of the Oregon Agricul- 
tural Experiment Station and Horticultural Crops Research Branch, Agricultural Research Service, 
U.S. Department of Agriculture. 
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Table 1. Transmission of viruses from detached leaves of viruliferous 
strawberry plants to indicator plants® by strawberry aphids, 


1953. 
Number of aphids : Number of detached : Percentage of 
per leaf ; leaves from : indicator 
viruliferous plants : plants infected 
5 15 33 
10 33 91 
15 25 88 


@ Fragaria vesca (East Malling strain). 
b Pentatrichopus fragaefolii. 


Table 2. Survival of Pentatrichopus fragaefolii on detached strawberry leaves 
in petri dishes, 1953. 


Leaf : Numberof  : Number of aphids alive after indicated period: 
number  : aphids placed : 24 hours : 48 hours : 72 hours : 96 hours 
on leaf : : : 

1 40 34 30 11 0 
2 40 30 26 11 0 
3 20 18 12 5 0 
4 20 13 9 2 2 
5 20 16 9 8 2 
6 20 15 13 5 2 
3 20 14 5 2 1 
8 20 20 23 14 3 
9 20 18 18 13 4 
10 20 17 13 7 5 
11 20 19 19 7 6 
12 20 a 18 7 3 
13 20 18 17 9 6 
Total 300 249 212 101 34 
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Table 3. Reliability of aphid transmission of various strawberry viruses from 
detached leaves, 1953. 


Variety of strawberry and ; Number of plants : Percent of 
kind of virus infection : tested : inoculated indicator 
: plants infected 


Marshall infected with straw- 
berry mottle (latent) virus (?) 17 88 


Marshall infected with crinkle 
virus complex 23 87 


Marshall infected with yellow 
virus complex 32 84 


British Sovereign infected 
with strawberry mottle 
(latent) virus (?) 13 100 


Transmissibility of Various Viruses from Detached Leaves: To indicate the reliability of 
aphid transmission from detached leaves, a number of Marshall and British Sovereign straw- 
berry plants known to be infected with certain virus complexes were tested by attempting to 
transmit the viruses from detached leaves with aphids. In this experiment, 15 virus-free 
aphids were put on each detached leaf; 48 hours later they were transferred to separate, healthy 
F. vesca indicator plants where they were allowed to feed for 72 hours and then killed by fumi- 
gation. The results of this experiment are given in Table 3. This method can be expected to 
identify virus infection positively in a relatively high percentage of cases when virus complexes 
containing non-persistent viruses are present, However, persistent viruses are not usually 
detected by this method because most of the aphids die before they can feed long enough to ac- 
quire the crinkle virus (Prentice's virus 3) (9). 


ADVANTAGES AND DISADVANTAGES OF THE DETACHED-LEAF TECHNIQUE 


The detached-leaf method of indexing has a number of advantages not possessed by the 
graft technique. It can be used at any time that growing leaves are on the plant whether stolons 
are present or not. Its greatest use is in the preliminary identification of plants infected with 
non-persistent viruses. The technique can also be used for the preliminary screening of a large 
population of plants in the field. 

The detached-leaf method has a number of important inherent disadvantages which prevent 
its general adoption for indexing strawberry plants. The greatest drawback of this technique is 
that it does not invariably detect infected plants; therefore, it is still necessary to index by the 
more accurate and reliable graft technique all plants that do not show positive reactions. If the 
plant lots had low virus incidence initially, an increase rather than a decrease of work would 
result. Graft indexing can be carried out in the field by a grower, but aphid indexing would 
require the erection of some type of insectary in which to maintain the aphids. Aphids kept on 
the premises are a possible source of virus vectors, which may escape the confines of the in- 
sectary and spread to adjacent strawberry fields where any viruses present will be spread 
rapidly. 

Aphid transmission from detached leaves is a useful tool to be used principally by techni- 
cally trained workers for indexing large populations of strawberry plants when it is suspected 
that a considerable number of the plants are infected with non-persistent viruses, but it is of 
little use in reindexing plants from fields of virus-free foundation stocks where the virus in- 
cidence is very low. 
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RECOMMENDED PROCEDURE WHEN 
DETACHED -LEAF -TECHNIQUE IS APPLICABLE 


A young leaf, 1/4- to 1/2-grown, is detached from the plant being indexed, and placed 
with the lower surface up on moistened filter paper in a covered petri dish or in a plastic- 
covered dish; 15 aphids are transferred with a moistened camel's-hair brush from a virus-free 
stock colony to the lower surface of the leaf, and the dish is placed in a darkened room or cup- 
board at room temperature. 

Forty-eight hours later, the aphids still alive are transferred to a healthy F. vesca (East 
Malling strain) indicator plant where they are allowed to feed for 72 hours, and then are killed 
by fumigation. The indicator plant is then incubated in a greenhouse or screenhouse at about 
70° F, When the plant being indexed is infected, virus symptoms are generally visible on the 
indicator plant after ten days to two weeks. 
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THE GENERATION TIME OF THE LEAFHOPPER 
BALDULUS MAIDIS IN TEXAS 


E. M. Hildebrand 


The Corn Stunt virus disease has been reported in only two States -- California (2) and 
Texas (1). However, the leafhopper vector, Baldulus maidis, which was determined by Kunkel 
(1946), is more widely distributed than the disease, having been found in Arizona, Florida, and 
North Carolina also. Kunkel used insects and diseased corn plants from, respectively, Califor- 
nia and Texas, in his studies. 

According to Oman (16) B. maidis was originally described in the genus Cicadula from 
Puerto Rican material. He reported also that this leafhopper is often a serious pest on corn in 
Puerto Rico and that it has caused severe damage to sugar beets in Argentia. Other Latin- 
American countries where this leafhopper is known to occur are Cuba, the Dominican Republic, 
Mexico, Costa Rica, and Peru. 

Hildebrand (3) demonstrated that Baldulus maidis was the vector of the corn stunt virus in 
Texas. Niederhauser and Cervantes (5) reported the transmission of the corn stunt virus in 
Mexico by a different species, B. elimatus. Their discovery indicates need for more work on 
the genus Baldulus as a vector of viruses. 

The study of generation time of Baldulus maidis was part of a survey involving the collection 
and testing under local conditions of several insect vectors of plant virus diseases in Texas. 
Leafhoppers were collected from among sweet corn plants ina stiff breeze on the marning of 
May 1, 1948. Immediately upon collection the insects were placed on small caged corn plants on 
which to feed so as to keep them alive. Adult leafhoppers of light color that later proved to be 
B. maidis, thrived, while most of the other insects died. Two corn plants showing stunt 
symptoms (Fig. 1) were dug up and transferred carefully into 5-gallon pails. 


GENERATION TIME OF BALDULUS MAIDIS LEAFHOPPERS 


FIGURE 1. An early 
stage of corn stunt, showing 
tillering at the base and sucker 
growth at most of the nodes. 

FIGURE 2. The genera- 
tion time of Baldulus maidis 
averaged about three weeks as 
shown in the chart for the 
months of May, June, and July. 
Note the time that stunt symptoms 
appear in Texas as contrasted 


with California. LEGEND SOLID LINES INDICATE GENERATION TIME FROM ADULT TO ADULT 


The plants recovered from the shock of digging and remained alive for several months. The 
caged plants were placed on the north window sills out of direct sunlight, which proved quite 
satisfactory to survival of the insects. 
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The insect produces rather large broods which, if not removed in time, exhaust the plant. 
The nyrmphal stage seemed not to be toxic to the plants. The feeding of four or five adult leaf- 
hoppers on small caged plants or corn seedlings induced severe wilt-blight symptoms within 
four or five days. When the insects were removed at once the plants recovered promptly, other- 
wise death ensued. Thus transfers were made at short intervals. 

It was found that B. maidis breeds prolifically and completes a generation in about three 
weeks. Figure 2. shows the generation times in the different trials made during May, June, 


and July into mid-August. Some generations were as short as 18 days; others as long as 24 days. 


The 20 trials covered a span of about 11 weeks with the intervals averaging 3 2/3 days. The 
first nymphal instars usually hatched on the sixth day, with the succeeding four stages averaging 
about four days each, ending in adulthood in about three weeks' time. The prompt transfer of 
the adult leafhoppers at short intervals maintained a relatively uniform generation time for the 
duration of this study, which could possibly have continued indefinitely under controlled environ- 
mental conditions. 
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1. Altstatt, G. E. 1945. A new corn disease in the Rio Grande Valley. Plant 
Dis. Reptr. 29: 533-534, 

2. Frazier, N. W. 1945. No title given. Plant Dis. Reptr. 29: 212. 

3. Hildebrand, E. M. 1949. Baldulus maidis, leafhopper vector of corn-stunt 
virus, in Texas. Abst. Phytopath. 39: 496-497. 

4. Kunkel, L. O. 1946. Leafhopper transmission of corn stunt. Proc. Nat. 
Acad. Sci. 32: 246-247. 

5. Niederhauser, J. S., and Javier Cervantes. 1950. Transmission of corn 
stunt in Mexico by a new insect vector, Baldulus elimatus. Phytopath. 
40: 20-21. 

6. Oman, P. W. 1948. Distribution of Baldulus maidis (DeLong and Wolcott) - 
(Homoptera, Cicadellidae). Proc. Entomol. Soc., Washington, D. C. 
50 (2): 34. 


PLANT DOCTOR SERVICE, 4810 WINFREE DRIVE, HOUSTON 21, TEXAS 


kel 
for- 
in 
ac, 
nf 
‘tion | 
| 
S on 4 
e 
| . 
' 
i 
e 


574 Vol. 38, No. 8--PLANT DISEASE REPORTER--Aug. 15, 1954 


ADDITIONS TO THE HOST AND GEOGRAPHIC RANGE 
OF ABUTILON MOSAIC! 


Bowen S. Crandall2 


A note by Costa and Bennett reports a mosaic of Sida rhombifolia L. and a possible vector 
for it in Florida (2) and identifies it with the mosaic disease reported previously by them in 
Brazil (1). 

This mosaic is of common occurrance in El Salvador, C. A., where it has been reported 
on the leguminous hosts Stizolobium spp. and Mucuna pruriens (L.) DC., andonthe malvaceous 
plants Malvastrum coromandelianum (L.) Gark., Hibiscus cannabinus L. (kenaf); and Gossyp- 
ium sp. (cotton); (4.5, 6). Subsequently it was observed on Euphorbia hirta L. The virus was 
transmitted in juice extracted from Stizolobium, Mucuna, and Malvastrum and rubbed into 
abraded leaves of cotton. The symptoms produced in cotton were those encountered in the field 
and described by Wellborn (6). The mosaic disease is usually found only near the edges of kenaf 
and cotton fields, and what appears to be good control is obtained by eradication of the wild 
hosts from the zone immediately adjacent to the field. This indicated that the disease was with- 
out a very good vector in El Salvador. 

The disease has also been transmitted through the seeds of Mucuna pruriens, but not 
through the seeds of the other hosts. 

The same disease has been observed in Cuba on the wild legume, Rhynchosia minima (L.) 
DC., Sida acuta Burm. f., Euphorbia heterophylla L., and kenaf (3). 
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COOPERATIVE FIBER COMMISSION, SANTIAGO DE LAS VEGAS, CUBA 


1 A contribution from the Cooperative Fiber Commission, a technical agricultural orginization, 
operated jointly by the governments of Cuba and the United States. United States participation in this 
work was carried out as part of the program of the U. S. Operations Mission to Cuba, administered 
by the Foreign Operations Administration. 


2 Pathologist, U. S. Operations Mission to Cuba. 
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VASCULAR DISEASE OF ABACA OR MANILA HEMP 
IN CENTRAL AMERICA 


B. H. Waite 
INTRODUCTION 


Abaca (Musa textilis Nee) is included in that group of crops producing the so-called hard 
vegetable fibers (1). Actually each single fiber or strand is a bundle consisting of many cylin- 
drical fiber cells which constitute the vascular or water conducting elements of the plant stalk. 
The quality of Manila hemp is determined by the color and strength of these individual fibers, 
and any factors leading to darkening of the fiber strands, fuzziness, or lessening of the tensile 
strength reduces the commercial value. The accepted system of abaca grading is to separate 
the cleaned decorticated fibers into the two categories of "light" and "dark". Present market 
demands are for only light colored cordage fiber combined with exceptional strength, durability, 
and water resistance. 

Until World War II the Philippine Islands were the chief source of abacd fiber. Good soils, 
favorable climate, and relative freedom from fiber damaging diseases combined with a cheap 
labor supply assured the Philippines of continuing success in supplying the world market. How- 
ever, with the blocking of this supply in the early days of the war the United Fruit Company, 
under contract with the United States Government, began a large scale program of planting and 
fiber processing in the four Central American republics of Panama, Costa Rica, Honduras, and 
Guatemala. Since that time production from these countries has continued on a considerable 
scale. 


REVIEW OF LITERATURE 


The problem of vascular disease in the cultivation of abacd was early recognized. Although 
true Panama disease, a soil-borne fungus disease caused by Fusarium oxysporum f,. cubense, 
had been iong present in the Philippine Islands in bananas, no official record of the disease in 
abaca in that area was apparently published until 1940 (2). Nevertheless Panama disease in 
abaca was undoubtedly present in the Philippines for some years previously, having done much 
damage in Davao during the late 1930's (6). 

The first permanent planting of abacd in Panama, Central America, was made in 1925 with 
root material received from Davao. Within the next several years cases of vascular disease 
were noted in these plantings. However, the disease did not prove to be as damaging to abaca 
as Panama disease in bananas, which was killing out large areas of Gros Michel banana in the 
same area at that time. It is assumed that the infection in abacd occurred as a result of plant- 
ing in soil already carrying the disease rather than through the shipping of diseased planting 
stock from Davao. At any rate the few plants succumbing to disease did not menace the future 
expansion and production during wartime (3). 

Wardlaw (9) had considered the disease to be largely confined to abacd seedlings or young 
plants. Likewise, Reinking (7) believed that Panama disease would never become a serious 
problem on abaca. In the years following the large wartime plantings disease incidence has re- 
mained relatively low in some areas and increased rapidly in others. Nevertheless, present 
rate of spread presents a serious menace to continued production of high quality fiber. 

During recent years, abaca specialists from The Inter-American Institute of Agricultural 
Sciences at Turrialba, Costa Rica, and members of the Tropical Research Department of the 
United Fruit Company in La Lima, Honduras, have carried out observations and experiments 
with vascular disease problems in abacd. 


SYMPTOMATOLOGY AND VARIETAL SUSCEPTIBILITY 


Symptoms of vascular disease in abacd caused by Fusarium oxysporum f. cubense may not 
always be as obvious as those in bananas. In general, diseased bananas exhibit wilting, yellow- 
ing, and collapse of outer leaves followed by collapse and death of the entire stem. Follower 
suckers may grow to maturity before becoming diseased or may not become infected for several 
years. Always present in bananas are the internal symptoms of vascular discoloration, The 
fiber elements exhibit varying degrees of discoloration from yellow to red and dark brown as the 
disease progresses. The rhizome vascular tissue becomes discolored in a similar fashion. 

In abacd (Fig. 1), and particularly in the variety Bungalonon, the sheaths making up the 
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FIGURE 1, Vascular disease 
in abaca. Severe damage on highly 
susceptible clone showing standing 
dead stalks killed by the disease. 


FIGURE 2. Effect of 
vascular disease on abacd fiber. 
Above: light grade, top quality. 
Below: dark grade, poor quality 
due to disease. 


pseudostem may become somewhat discolored externally, indicative of internal symptoms in 
the vascular elements. Rusty colored streaks may be present on affected leaves. Such streaks 
appear to follow the veins, continuing from the midrib to the leaf margin. In some cases a 
bunching of the leaves may be observed as a result of stunting. The typical off-color streak 
running along the ridge of leaf petioles and the subsequent collapse of the petiole in Panama 
disease of bananas is not a characteristic symptom in abaca vascular disease. In many cases 
only slight internal vascular discoloration in abacd is evident. Extreme toughness in cutting 
into a diseased stem is noted in both abaca and bananas. Also, some longitudinal splitting of 
the sheaths which make up the stem may occur in abacad vascular disease, but it is more com- 
mon in bananas. 

The ability of new stems in a mat to grow away from the disease would indicate that abaca 
is considerably more resistant to the Fusarium organism than are many of the commercial 
varieties of bananas. As infected mats become older, however, this degree of resistance be- 
comes less evident. Field spread of vascular disease among the more susceptible clones is 
erratic. In some areas the disease may be particularly severe while in others but few stems 
may be affected. 

Since outer sheaths of healthy abacd stalks generally produce dark colored fibers discolora- 
tion can not always be attributed to vascular disease. Usually, however, one can distinguish 
the two types of discoloration, that of healthy fiber being dark purple while diseased fiber is 
yellow, brown or reddish in appearance. In addition, diseased fiber is distinctly fuzzy in ap- 
pearance, the individual strands being somewhat more kinky (Fig. 2). Although no supporting 
figures on the effect of vascular disease on tensile strength of fibers are available, no loss in 
strength has been noted at the Honduras decorticating plant. White et al. (10) report, however, 
that in studies on Fusarium oxysporum activity in rope in the tropics, substantial cellulolytic 
activity was evident. This activity would almost certainly affect the tensile strength of the rope 


fiber 
stalk 
a sul 
of di 


duril 
eula: 
sym) 
rain; 
the ¢ 
simi 


vari 
dise: 
strei 
atior 
with 
was 

beco 
fibex 


of th 
dise: 
Pres 
400 : 
high 
owin 
from 
sist: 


initi 
soci 
Bung 
Whil 
poss 
bact 
Neve 
the 1 


douk 
mar 
abac 
has | 
unde 


pres 
Usir 
reco 
orn 
vasc 
bact 
case 
port 
be ir 
corn 
dext 


obta 


j 


aks 


ra- 


~ 


Vol. 38, No. 8--PLANT DISEASE REPORTER--Aug. 15, 1954 577 


fibers. During the decorticating process cellular tissue surrounding the fibers of diseased 
stalks becomes more difficult to remove. Fiber must often be repassed through the knives with 
a subsequent loss of fiber in the process due to wastage. It is believed that the tougher fibers 
of diseased stalks result in heavier wear on decorticator knives. 

Bungalonon, the clone most extensively grown in Central America, suffers considerably 
during the annual dry seasons irrespective of disease presence. However, it appears that vas- 
cular disease increases in mid dry season largely because weakened affected plants exhibit 
symptoms more rapidly at this time. Conversely, disease incidence appears lowest during the 
rainy season when all plants are at their fullest growth and healthy plants recover quickley from 
the drought. While no records are available for other varieties, it is believed all clones behave 
similarly in this respect. 

Observations at the abaca plantations in Honduras over a period of years indicate that the 
variety Bungalonon also suffers the greatest degree of field damage as a result of vascular 
disease and it is therefore considered most susceptible to the pathogen. Loegering (5), noting 
streaked fiber at the decorticating factory, stated that approximately 50 percent of the discolor- 
ation was due to vascular disease, that carloads of abaca stalks had previously been observed 
with a 75 percent incidence of disease streaking. It is probable that practically all of this fiber 
was from the variety Bungalonon. Loegering observed that often only the base of the stalk had 
become infected at the time of cutting, thus resulting in discoloration of only a small part of the 
fiber strand. 

Disease incidence in variety Maguindanao is very low while Tangongon is practically free 
of the disease. Although Putean, Libuton, and Sinaba have not been planted for field production, 
disease incidence ratings for these varieties in experimental plots has remained extremely low. 
Present field acreages of abaca in Honduras include approximately 4, 600 acres of Bungalonon, 
400 acres of Maguindanao, and 580 acres planted to Tangongon. Although Bungalonon rates 
highest as a heavy producer of top quality fiber, recent plantings have favored variety Tangongon 
owing to its high disease resistance. No production of fiber has been obtained as yet, however, 
from the young Tangongon plantings. Maguindanao has strong stalks that are considerably re- 
sistant to vascular disease but produces lower yields of fiber as compared with Bungalonon. 

A program supervised by J. H. Permar, plant breeder for the United Fruit Company, was 
initiated for the development of new varieties of abac4 exhibiting the qualities of high yield as- 
sociated with drought and disease resistance. From numerous crossings between Tangongon, 
Bungalonon, and Sinaba varieties nine promising clones were at length selected and tested. 
While varying degrees of vascular disease resistance were evident in some clones it was not 
possible to obtain highest ratings in yield, tensile strength, visual quality (color), resistance to 
bacterial stalk rots, and resistance to drought combined with high resistance to vascular disease. 
Nevertheless, recommendations have been made for experimental field plantings of several of 
the more promising clones. 


LABORATORY STUDIES AND INOCULATIONS 


In determining the cause of vascular disease in abaca, several workers have expressed 
doubt that Fusarium oxysporum f, cubense, the Panama disease pathogen of bananas, is the pri- 
mary pathogen. Because of the large bacterial flora normally found associated with diseased 
abaca plants it has sometimes been assumed that the disease is partly bacterial in nature, It 
has also been stated that the Fusarium is not consistently isolated from bits of diseased tissue 
under artificial cultural conditions. 

A large number of diseased samples of rhizome and stem tissue were tested for the 
presence of Fusarium oxysporum f. cubense at the Tropical Research Laboratory at La Lima. 
Using a method devised by Stover and Waite (8), pure cultures of the Fusarium were consistently 
recovered from all tissue samples tested. These isolates, when inoculated into boxes of sterile 
or non-sterile soil in which Bungalonon variety abaca plants were actively growing, produced 
vascular disease symptoms in rhizomes and stalks within approximately six weeks. In addition, 
bacterial isolates from field-diseased abacd plants failed to produce disease symptoms in all 
cases where inoculated into the stems by means of a needle or when mixed with the soil sup- 
porting growing abaca plants, Fusarium isolates from Bungalonon and Tangongon were found to 
be identical in morphology and pathogenicity. The fungus was grown in a mixture of sterilized 
corn meal sand and inoculated directly into the soil. Bacteria were cultured on neutral potato 
dextrose agar. 

In addition to using Fuarium isolates from previously diseased abaca, the Fusarium 
obtained from bananas and plantains with Panama disease was also inoculated into the abacd soil. 
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The banana cultures consistently produced symptoms of vascular disease in rhizome and Stalk, 
The Fusarium was readily recovered from the affected tissue. This confirms the results of 
Leoncio (4), although abaca seedlings instead of mature plants were inoculated in his tests. 
Also, the abaca fungus, when inoculated into the soil of banana plants, produced Panama disease 
symptoms and was readily recovered from the rhizomes and stems. Thus Panama disease in 
bananas and vascular disease of abacd are demonstrated to be caused solely by Fusarium oxy- 
sporum f, cubense without the necessary association of particular bacteria or other organisms. 
Cultures morphologically different from those of banana which were isolated from diseased 
Moko plantain and inoculated into soil of boxes of abaca failed to produce vascular disease symp- 
toms in the latter. Local vascular discoloration was obtained to a small degree in the stele of 
the rhizome but recovery of the fungus from this tissue was not successful. 

In comparing soil inoculation studies with Bungalonon and Tangongon varieties, it was noted 
that Tangongon had greater ability to outgrow vascular disease over a period of several months when 
plants were maintained in large boxes of diseased soil. There was a greater tendency for young 
suckers to develop free of internal symptoms. In most instances, however, all suckers grad- 
ually developed symptoms under these conditions. 

Although it is possible that Moko disease or bacterial wilt of bananas and plantains caused 
by the bacterium Pseudomonas solanacearum occurs also in abaca, no suspected cases have 
been observed in Central American plantations. This disease is common in Costa Rican and 
Panamanian banana plantations and exhibits symptoms similar to Panama disease. 


SUMMARY AND CONCLUSIONS 


Large scale production of abaca or Manila hemp fiber, a crop of recent economic impor- 
tance in Central America, is threatened by vascular disease caused by the fungus Fusarium 
oxysporum f., cubense. The pathogen attacks the vascular system of mature plants, streaking 
or discoloring the individual strands and thus lowering the fiber quality. The causal organism 
of vascular disease in abaca is identical with that in banana and the disease behaves similarly 
in field spread. Abaca, however, has exhibited more resistance to disease attack. Proper 
selection and planting of resistant varieties offers the best protection against the disease. 
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DISEASE DEVELOPMENT AND SEASONAL SUCCESSION 
OF PATHOGENS OF WHITE CLOVER 
PART I -- LEAF DISEASES 


Kenneth H. Garren 
INTRODUCTION 


Ecology -- the science which deals with the interrelationships between organisms and 
environment -- has two major subdivisions: autecology, the ecology of the individual, and syn- 
ecology, the ecology of the community. Investigations of individual plant diseases are auteco- 
logical in that some consideration is given the effects of environment on the pathogen. The syn- 
ecology of plant pathogens could also be a very important aspect of phytopathology. Succession 
-- any quantitative or qualitative change in the kind of species in a community -- is an important 
phase of synecology. Successional changes in a fungal flora resulting from changes of the sea- 
sons are the stages in the flora's overall succession. The concept of a community of pathogens 
having such successions should be a valuable tool in research on plant diseases. 

A study of the ecology of fungal pathogens of white clover was initiated in Alabama in 1953. 
It is hoped that this study may explain one of the reasons that white clover is not a peren- 
nial in Alabama and give some basis for selecting for greater persistency. Some synecological 
results for the first period of 12 months are presented in this paper. 


PROCEDURE 


In the fall of 1952, 40 different clonal lines of white clover were interplanted with Dallas 
grass in eight replications in a nemacide-treated field. Two types of data were taken at approx- 
imately monthly intervals starting in March, 1953. 


1) The first type was obtained by isolating the fungi from diseased 
tissue selected at random. Each fungus was identified and expressed 
as a percentage of the total isolations made on any given date. 

2) The second type was an evaluation of disease damage as percentage 
of defoliation or loss of leaf surface. 


The method of obtaining these disease damage data was developed in the following manner. 
Visual estimates (to the nearest 10 percent) of the loss of leaf surface was compared with the 
results of a quadrat study involving counts of leaf spots by size classes and counts of living and 
completely dead leaves. Statistical analysis revealed no significant difference between the two 
methods. Thereafter disease damage was measured in four steps: (a) The visual estimate of 
leaf-blade damage was added to (b) the visual estimate of percentage of leaves lost to give "total 
foliar damage." (c) Area of defoliation from death of stolons was expressed as a fraction of 
maximum area covered by the plant. (d) This "stolon damage" was then substracted from total 
foliar damage leaving "leaf damage." This last step gave an accurate estimate of loss from 
leaf diseases. Plot averages of stolon damage were never more than plot averages of total 
foliar damage. 

The data are presented in a diagrammatic form in the accompanying figures to show the 
interrelationships between pathogens, damage, and environment. Becausé of the differences 
in units for the various data scalar units are omitted from these figures. 


RESULTS 


The average number of flowers per clonal planting of the intermediate type was recorded 
during the period of maximum flowering (Fig. 1). Clonal plantings covered an area of about 9 
square feet, The maximum flowering observed was 32 per clonal planting in early May. Vege- 
tative growth was measured as pounds of additional dry material per acre per day, reaching a 
maximum of 24 pounds in mid-April. The minimum temperatures, shown in Figure 1 as mod- 
ified "reciprocals, '' were recorded by a hygrothermograph placed 6 inches above the soil sur- 
face in the clover field. The minimum weekly temperatures were subtracted from 68° F and 
the remainder was stated as a positive figure, i.e., the wider areas of the temperature graph 
in Figure 1 indicate the lower temperatures. The lowest minimum temperature of 24° F was 
recorded in late April of 1953 and again in mid-January of 1954. 
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Considerable dying of leaf tissue, not associated with known fungus pathogens of white 
clover, was attributed to debility, i,e., the loss of leaf surface due to cold injury, heat, drouth, 
insects, viroses, shading, and senescence. Throughout the year a considerable percentage 
of the isolates were Alternaria tenuis with a maximum in the winter months. A. tenuis has 
never been reported as a pathogen. It was deemed logical, therefore, to attribute to debility 
the dying of leaves from which only A. tenuis was isolated. In Figure 1 a scaled diagram for 
Sclerotinia is superimposed on debility or the percentage of isolates of A. tenuis. The total 
leaf damage due to both debility and pathogenic fungi, with a maximum of 18 percent defoliation 
in May, is shown in the bottom diagram of Figure 1. 

The fungi isolated from diseased leaf tissue during the first 12 months were: Alternaria 
tenuis Auct., Sclerotinia trifoliorum Erik., Pseudoplea trifolii Rostr., Curvularia trifolii Bon., 
Stagonospora meliloti (Lasch.) Petr., Colletotrichum graminicola (Ces.) Wils., and C. de- 
structivum O'Gara. Non-sporulating isolates were tentatively identified, on the basis of cul- 
tural characteristics, as Cercospora zebrina Pass. and Stemphylium botryosum Wallr. 

The seasonal occurrence of these fungi is presented in Figure 2. The width of the diagrams 
shows the quantitative aspect, e.g., in June 85 percent of the total isolates were Colletotrichum 
destructivum while in February 81 percent were Alternaria tenuis. 

The data on disease damage are presented in Figure 3 (middle) and Figure 1 (bottom). The 
maximum leaf damage of 40 percent defoliation occurred in May. The maximum total damage 
(leaf and stolon injury) of 70 percent defoliation occurred in September. 

The data on percentage of isolations of specific fungi from leaf tissues were scaled to rep- 
resent that portion of the defoliation attributal to each fungus. The results of this scaling are 
presented in Figure 3. Colletotrichum destructivum caused 15 percent defoliation in June. 
Other fungi caused 15 percent defoliation in late April, and debility -- as evidenced by isolates 
of Alternaria -- caused 16 percent defoliation in early February. 


DISCUSSION 


The peaks of leaf damage correspond to the onset and end of the period of lowest tempera- 
tures (Fig. 1). This indicates that the direct correlation was between marked changes in tem- 
perature and leaf damage rather than between low temperatures and leaf damage. Debility plus 
the activity of the low temperature pathogen Sclerotinia accounted for a major portion of leaf 
damage. 

Pseudoplea was isolated almost entirely in the period of peak vegetative growth and pro- 
longed low temperature. The small leaf-spots produced by Pseudoplea are found mainly on the 
lower, older leaves. Pseudoplea was more spectacular than important as a cause of leaf 
damage. 

The seasonal trends of the fungi and temperature are presented in Figure 2. The tempera- 
ture diagram shows the median weekly air temperature 6 inches above the ground, which 
reached the Highest median of 80° F in July. It appears then that there were three successional 
societies in this community of fungi pathogenic on white clover. 


(A) Curvularia and Colletotrichum graminicola. The "high temperature society". 

(B) Pseudoplea, Stagonospora, and Sclerotinia. The "low temperature society”. 

(C) Colletotrichum destructivum and the non-sporulating fungus, which is probably 
a Stemphylium, the “all-year society". This society has a peak of development 
in the spring and early summer. 


An evaluation of the pathogens in terms of attributal damage is shown in Figure 3, Defoli- 
ation by leaf-attacking fungi resulted in exposure of the stolons to high radiation, which might 
have been a precursor to stolon infection. However, there is no concrete evidence of this re- 
lationship, and hence the damage attributed to leaf diseases was less important in the over-all 
disease picture than is that attributed to stolon diseases. This does not minimize these leaf 
diseases since the greater part of the leaf damage occurred at a time (winter and spring) when 
there is little or no stolon damage. Debility (see the Alternaria diagram) was considerably 
more important in the winter than at any other time. 

Diagrams scaled to show that portion of the damage attributed to each specific fungus re- 
vealed that Colletotrichum destructivum was the most important of the leaf pathogens. The 
suspected Stemphylium (in “other fungi in Figure 3) was of noticeable importance in the late 
spring. The fungi pathogenic on white clover leaves in the summer and fall were of little im- 
portance in producing damage. 
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It is concluded that the "all-year society" was a major factor in disease damage with de- 
bility a close second. The "low-temperature society" was of only moderate importance, while 
the "high-temperature society" was of almost negligible importance. 

(Part II of this study, dealing with stolon diseases, is in process of preparation and should 
be ready for publication shortly). 


DEPARTMENT OF BOTANY AND PLANT PATHOLOGY, ALABAMA POLYTECHNIC 
INSTITUTE, AUBURN, ALABAMA 
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UNUSUAL OR NEW OCCURRENCES OF FUNGUS 
PATHOGENS ON GRASSES IN NEBRASKA 


Ray! 


Fungus pathogens of wild grasses have been collected for the past several summers in 
Nebraska for the primary purpose of learning more about the fungus flora of grasses of this 
State. In the process of identifying these fungi some apparently rare or new occurrences of 
fungi in the State, or unreported host relationships, have beendiscovered. Some of these are 
herein reported. The binomials employed for the grasses are those used by Hitchcock and 
Chase (5). 


1. Balansia epichloé (Weese) Diehl -- On leaves of Sporobolus heterolepis Gray, 10 miles 
northwest of Lincoln, Lancaster Co., August 7, 8, and 28, 1951. 


A graduate student, Mr. Neil Rowland, conducting an ecological problem in a native prai- 
rie, discovered the presence of this fungus. Although the host, S. heterolepis, was abundant 
in closely adjacent areas, the fungus was found on only a very few clumps. A thorough search 
for the fungus in the same area in 1952 and 1953 failed to disclose additional specimens. Early 
mowing in these two years may have accounted for its absence. Search for the fungus in other 
areas of Nebraska has been fruitless. 

Iam indebtedto Dr. W. W. Diehl, who verified theidentification. Heretofore, the fungus 
had not been reported on S. heterolepis and had not been recorded from Nebraska on any of its 
other known hosts. 


2. Balansia strangulans (Mont.) Diehl -- Surrounding culms of Panicum scribnerianum Nash, 
5 miles southeast of Dunning, Thomas Co., September 24, 1953. 


Diehl (3) reported one collection on this host made in Nebraska in 1938 by J. L. Fults. 


3. Balansia strangulans (Mont.) Diehl var. discoidea (P. Henn.) Diehl -- On culms of Bou- 
teloua curtipendula (Michx.) Torr., 3 miles north of Lincoln, Lancaster Co., July 27, 
1949 (Coll. E. E. Dale). 


Search in the original location in other years for this fungus has not been successful. 

According to Diehl (3) and Weiss (8), this fungus was collected on B. curtipendula in Kan- 
sas in 1921. The Nebraska collection is the first for this State and represents the northern- 
most point of its reported range. 


4, Claviceps purpurea (Fr.) Tul. -- On Andropogon hallii Hack., Grass Nursery, Agr. Exp. 
Station, Lincoln, Lancaster Co., October 24, 1952: On Andropogon gerardi Vitman, 
Grass Nursery, Agr. Exp. Station, Lincoln, Lancaster Co., November 3, 1949: 

On Hordeum jubatum L., near Grant, Perkins Co., August 8, 1951; Lincoln, Lancaster 
Co., July 6, 1949. 


These collections were small and only a few plants with ergot sclerotia could be found in 
each case. The occurrences of this fungus on these three hosts in Nebraska were not recorded 
by Sprague (7) and Weiss (8). 


5. Phyllachora boutelouae Rehm -- Onleaves of Bouteloua curtipendula (Michx.) Torr., 20 
miles north of Burwell, Garfield Co., September 5, 1951; 2 miles west of Round Valley, 
Custer Co., September 5, 1950. 


Although this fungus was reported by Weiss (8) to occur on B. gracilis (H.B.K.) Lag. in 
Nebraska, it has not previously been reported occurring on B. curtipendula in this State by 
Orton (6), Sprague (7), or Weiss (8). 


6. Phyllachora luteo-maculata (Schw.) Orton -- On leaves of Andropogon hallii Hack., 15 


1 Mycologist, Departmentof Plant Pathology, Agricultural Experiment Station, Lincoln,Nebraska. 
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miles northwest of Broken Bow, Custer Co., October 15, 1949; 15 miles north of Thed- 
ford, Cherry Co., September 26, 1952; 10 miles south of Bassett, Rock Co., September 
26, 1953; Swan Lake, Holt Co., September 5, 1951. 


Orton (6) and Sprague (7) recorded this fungus on A. hallii in New Mexico. These collec- 
tions, therefore, constitute the first records for Nebraska, and they represent the northern- 


most occurrence of this fungus on this host. The fungus occurs commonly on A. gerardi Vitman 
in Nebraska and other States. 


7. Phyllachora vulgata Theissen & Sydow -- On Sporobolus asper (Michx.) Kunth, near 
McCook, Red Willow Co., November 2, 1951. 


The only record of this fungus on S. asper cited by Weiss (8) is for Wisconsin. Sprague (7) 
reported its occurrence on this host in Illinois. 


-- On Sporobolus cryptandrus (Torr.) Gray, 2 miles south of Ansley, Custer Co., 
September 5, 1950; 3 miles east of Mason City, Custer Co., September 6, 1950; 5 miles 
north of Broken Bow, Custer Co., September 6, 1950; 4 miles west of Westerville, Custer 
Co., September 5, 1950; 6 miles south of Niobrara, Knox Co., May 23, 1954. 


The fungus has not been reported occurring on S. cryptandrus in Nebraska by Orton (6), 
Sprague (7), or Weiss (8), although it was reported from neighboring Kansas and other States. 


---On Muhlenbergia cuspidata (Torr.) Rydb., 12 miles northwest of Lincoln, Lancaster 
Co., July 15, 1949; Salem, Richardson Co., October 6, 1940 (Coll. H. C. Reynolds); Bur- 
chard, Richardson Co., October 26, 1940 (Coll. H. C. Reynolds). 


According to Orton (6) and Weiss (8) this fungus had not previously been reported occurring 
on M. cuspidata in Nebraska, although they reported it from neighboring Iowa, South Dakota, 
and Wyoming. Sprague (7) recorded its occurrence in Nebraska, and our collections substan- 
tiate his report. 


8. Epichloé typhina (Fr.) Tul. -- On Elymus virginicus L. Grass Nursery, Agr. Exp. Station, 
Lincoln, Lancaster Co., June 17, 1949. 


Neither Sprague (7) nor Weiss (8) recorded the occurrence of this fungus on E, virginicus 
in Nebraska, Elymus canadensis L, grew in the same plots, but it was not affected by this 
fungus. 


9. Septoria andropogonis J. J. Davis f. sporobolicola Sprague. -- On Sporobolus heterolepis 
Gray, 10 miles northwest of Lincoln, Lancaster Co., August 8, 1951. 


Weiss (8) did not record this fungus on S. heterolepis for Nebraska, but Sprague (7) did. 


10. Septoria tandilensis Speg. -- On Panicum scribnerianum Nash, 7 miles north of Ravenna, 
Sherman Co., October 2, 1948. 


Although few spores were observed, the production of numerous black pycnidia as described 
by Sprague (7) left little doubt as to the identity of the fungus. The occurrence of this fungus on 
P. scribnerianum was reported only from Wisconsin (7). 


11. Selenophoma donacis (Pass.) Sprague & A. G. Johns. var. stomaticola (Bauml.) Sprague & 
A. G. Johns. -- On Sporobolus heterolepis Gray, 12 miles northwest of Lincoln, Lan- 
caster Co., August 8, 1951. 


The fungus was not reported occurring on this host in any State by Sprague (7) or Weiss (8). 


12. Colletotrichum graminicola (Ces.) G. W. Wils. -- On Agropyron smithii Rydb., near 
Ansley, Custer Co., September 5, 1950; Scottsbluff, Scotts Bluff Co., July 12, 1949. 


Sprague (7) and Weiss (8) reported this fungus on A. smithii in Oklahoma. These are the 
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first collections to be reported for Nebraska. 


-- On Agropyron trachycaulum (Link) Malte, Lincoln, Lancaster Co., June 24, 1948. 


The fungus was recorded by Weiss (8) as occurring on A. trachycaulum in nearby Min- 
nesota and North Dakota, and by Sprague (7) in North Dakota, 


-- On Andropogon gerardi Vitm., 13 miles south of Lincoln, Lancaster Co., June 23, 
1949, 


Sprague (7) recorded the fungus on this host from Colorado, Nebraska, and North Dakota, 
whereas Weiss (8) recorded it from Wisconsin and North Dakota. This report confirms 
Sprague's record of its occurrence in Nebraska. 


-- On Calamovilfa longifolia (Hook.) Scribn., near Swan Lake, Holt Co., September 
5, 1951. 


Weiss (8) reported the occurrence of this fungus on C. longifolia in Oklahoma and Wis- 
consin. Our collection is the basis for the first record for Nebraska. 


-- On Muhlenbergia racemosa (Michx.) B.S.P., 5 miles east of Aurora, Hamilton 
Co., September 5, 1951. 


According to Sprague (7) this fungus occurs on four species of Muhlenbergia in Oklahoma, 
including M. racemosa. Our collection represents the first record of the fungus in Nebraska 
on any species of Muhlenbergia. 


-- On Panicum scribnerianum Nash, 3 miles north of North Platte, Lincoln Co., 
June 10, 1952. 


This fungus was not recorded on P. scribnerianum by Sprague (7) or Weiss (8) for any 
State. 


-- On Panicum virgatum L., Swan Lake, Holt Co., September 5, 1951; 12 miles 
northwest of Lincoln, Lancaster Co., August 28, 1951, September 21, 1951, and August 
12, 1953. 


Although the fungus has been reported on this host from nearby Wisconsin, Minnesota, 
and Kansas (7, 8), our collections are the first to be reported from Nebraska on P. virgatum, 


-- On Poa pratensis L., Lincoln, Lancaster Co., August 20, 1951; 13 miles south of 
Lincoln, Lancaster Co., July 13, 1948. 


Nebraska lies within the range of this fungus on P. pratensis as indicated by Weiss (8) 
and Sprague (7), but they did not specifically record its presence in this State. 


-- On Sorgastrum nutans (L.) Nash, Swan Lake, Holt Co., September 5, 1951; 20 
miles north of Burwell, Garfield Co., September 5, 1951. 


The fungus has been reported only from Kansas, Oklahoma, and Wisconsinon this host (7, 8). 
Thus, our collection constitutes the first record of this fungus on S. nutans from Nebraska. 


13, Piricularia grisea (Cke.) Sacc. -- On Setaria lutescens (Weigel) F. T. Hubb., Lincoln, 
Lancaster Co., June 28 and July 1, 6, 1949. 


Although Weiss (8) did not specifically report the occurrence of this fungus in Nebraska 
on S. lutescens, Sprague (7) did. 


-- On Digitaria sanguinalis (L.) Scop., Lincoln, Lancaster Co., July 1, 1949. 


ber 
‘Man 
| 
ster 
ir- 
ing 
, 
& f 


586 Vol. 38, No. 8--PLANT DISEASE REPORTER--Aug. 15, 1954 


The occurrence in Nebraska of this fungus on D. sanguinalis was not recorded by Sprague 
(7) or Weiss (8). 


14, Sporotrichum peribebuyense Speg. -- On leaves of Panicum virgatum L., near Swan Lake, 
Holt Co., September 5, 1951. 


The fungus occurred on a rank growth of P. virgatum that had become matted and entangled, 
so that it remained wet within the mass for a long period. I have also collected this fungus on 
two occasions in Oklahoma on Setaria lutescens (Weigel) Hubb. Its occurrence on species of 
Panicum was not recorded by Sprague (7) or Weiss (8). Our collection extends the range of the 
fungus northward several hundred miles. 


15. Puccinia ellisiana Thuem. (II, III) -- On Andropogon gerardi Vitm., 12 miles northwest of 
Lincoln, Lancaster Co., August 8, 1951. 


This fungus is not recorded by Arthur (1) on this host in Nebraska, but the range of the 
fungus given by Weiss (8) indicates the likelihood of its occurrence in Nebraska on A. gerardi. 


(II) -- On Andropogon hallii Hack., Grass Nursery, Agr. Exp. Station, Lincoln, 
Lancaster Co., October 24, 1952. 


As a host for this rust fungus, A. hallii was not recorded by Cummins (2) or Arthur (1). 
Cummins (2) pointed out the difficulty of separating P. ellisiana from P. andropogonis Schw. 
on the basis of teliospore characters, and I report the occurrence of the fungus on A. hallii 
with some trepidation inasmuch as only teliospores were observed. However, the Tong, per- 
sistent pedicels suggested P. ellisiana rather than P. andropogonis. 


16. Puccinia vilfae Arth. & Holw. (III) -- On Sporobolus heterolepis Gray, 12 miles northwest 
of Lincoln, Lancaster Co., September 21, 1951. 


Sporobolus heterolepis was not reported as a host for this fungus by Arthur (1), or by Weiss 
(8). They did record its presence on S. asper (Michx.) Kunth in Nebraska, and several col- 
lections of the fungus on S. asper have been taken at the same location as given above. 


17. Puccinia sporoboli Arth. (III) -- On Sporobolus asper (Michx.) Kunth, 10 miles east of 
Cambridge, Furnace Co., November 2, 1950. 


Arthur (1) did not record the occurrence of this fungus on S, asper in Nebraska, but Weiss (8) did. 


18. Uromyces acuminatus Arth. (II, II) -- On Spartina pectinata Link, Marsh Lake, Cherry 
Co., September 26, 1952; 8 miles south of Bassett, Rock Co., September 26, 1953. 


Arthur (1) reported the occurrence of this fungus in Nebraska on S. michauxiana Hitchc. 
which in now considered to be synonymous with S. pectinata. Nebraska falls within the distri- 
bution of the fungus on S, pectinata as given by Weiss (8). Spartina pectinata is more often affected 
in Nebraska by Puccinia distichlidis E, & E., P. seymouriana Arth., and P. peridermio- 
spora (Ellis. & Tr.) Arth. 


19. Ustilago bullata Berk. -- On Hordeum pusillum Nutt. near Lexington, Dawson Co., June 
24, 1951. 


Fischer (4) reported this fungus on H. pusillum from California, Utah, and Wyoming. 
Our record, therefore, extends the range eastward and represents the first report of the fungus 
on this host in Nebraska. 
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TESTS ON INSECT TRANSMISSION OF OAK WILT IN ILLINOIS 


E. B. Himelick, E. A. Curl, and Bert M. Zuckerman 


Since the initiation of the National Oak Wilt Research Program, workers in several States 
have been actively engaged in studying the possible means of transmission of the oak wilt fungus, 
Endoconidiophora fagacearum Bretz. Recent reports by Dorsey et al. (3) and Boyce (1) indi- 
cate that transmission of the fungus might occur when insects fly from naturally occurring 
mycelial mats to wounds on healthy trees. The significance of wounds in relation to insect 
transmission of the disease was suggested when Gutyon (5) reported that a number of oak trees, 
after they were blazed to mark the location of a logging road, became infected with oak wilt and 
died. 

Norris (6) reported successful mechanical transmission of E. fagacearum to 14 of 15 trees 
by insects belonging to species of the Nitidulidae. The insects were taken directly from peri- 
thecium-bearing mycelial mats and caged immediately on freshly wounded trees. Also, Dorsey 
etal. (3) reported successful transmission of E. fagacearum with species of the Nitidulidae. 
Prior to their being caged, these insects were kept for from one to two hours on perithecium- 
bearing cultures of the oak wilt fungus. The result of an experiment made by Griswold (4) 
pointed to the pomace fly, Drosophila melanogaster Meig., as another possible carrier of the 
oak wilt inoculum. Craighead et al. (2) reported that 8 of 194 artificially wounded trees in the 
vicinity of trees having perithecium-bearing mats became infected with oak wilt after they were 
wounded, 

In Illinois, first attempts to transmit the oak wilt fungus by insects were made in the sum- 
mer of 1951. Insects of several species were obtained, for the most part from wilting trees, 
and placed in sleeve cages on artificially wounded branches of healthy oak trees. Before they 
were caged, some of these insects were fed on leaves and twigs from wilting oaks and others 
were placed on conidium-bearing cultures of the oak wilt fungus. All caging was done on July 
11, 1951. 

Only one of the trees on which insects were caged became infected. On this tree four in- 
sects, representing the families Curculionidae, Elateridae, and Membracidae, had been caged 
on a single branch. These insects had been placed on conidium-bearing cultures of E. faga- 
cearum for 30 minutes and had been removed from the cultures 30 minutes before being caged. 
All four insects had been placed in a single cage. This tree showed early symptoms of oak wilt 
on October 3, and the oak wilt fungus was isolated from terminal and lateral branches. Al- 
though it was not known which of the insects transmitted the fungus, this experiment strongly 
suggested that oak wilt could be transmitted, at least mechanically, by an insect, 

Other insect transmission tests were made in the field in the spring of 1953 in northern 
Illinois. Of the insects that were constantly associated with mats, species of the Nitidulidae 
were most abundant and, as they are known to be attracted by fresh wounds on healthy trees, 
they constituted the majority of the insects selected for caging. In addition to these, Tene- 
broides laticollis Horn (Ostomidae) and Platysoma aurelianus Horn (Histeridae), which are pri- 
marily predaceous insects, were:selected because of their frequent occurrence on mats, 

The insects were collected from the mats with a bottle-type aspirator, separated by spe- 
cies, and placed in sterile vials for transportation to the trees selected for the transmission 
tests. In some instances, if the mats had only endoconidia, insects were collected from more 
than one mat before the separation of species were made. The germinability of endoconidia and 
ascospores was determined for most of the mats from which these insects were taken (Table 1). 
A spore suspension was prepared from three mycelial disk samples that were taken with a cork 
borer from the edge of the central pad to the periphery of each mat. The spores were germi- 
nated on 2 percent water agar at 28° C for 36 hours. 

The insects were caged on healthy 5- to 6-foot red oaks which were beyond root grafting 
distance from other oak trees. Various types of wounds were made on small branches at the 
time of caging: buds and leaves were broken, bark was peeled, branches were broken, or cuts 
were made into the wood with a sterile knife. One wound was made: on a single branch of each 
tree, and from 2 to 20 insects of a single species were caged in a plastic film bag that enclosed 
the wound. Interims between the collecting and the caging of the insects ranged from 30 minutes 
to 4 hours, depending on the distance between the place of collection and the place of use. For 
controls, 40 trees were selected in the same localities as the experimental trees. Twenty of 
them were wounded in the same manner as the experimental trees and 20 were left unwounded. 

One tree on which 12 insects of the species Colopterus truncatus Rand. (Nitidulidae) were 
caged on May 28 showed wilt symptoms on July 21. Diagnosis of the oak wilt disease was made 
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by culturing. The insects used on this tree had been collected from one mat which bore both 
endoconidia and ascospores of high germinability. One-half hour after the insects were col- 
lected, they were caged on a small branch on which was made a single knife cut that extended 
into the wood. None of the 40 control trees showed wilt symptoms. 

Transmission of oak wilt by Colopterus truncatus has not been reported previously, and the 
single positive case obtained during the field trials reported here lends support to the evidence 
of other workers that species of the Nitidulidae may transmit the disease. Furthermore, the 
possibility that ascospores are more readily transported by these beetles to wounds on healthy 
trees than are conidia is strongly suggested. The successful transmission of oak wilt reported 
by Norris (6) and by Dorsey et al. (3) were accomplished in both instances by beetles that had 
been in contact with perithecia. Likewise, in the present trials, the only positive case of trans- 
mission occurred in one of 7 trees on which were caged 72 insects taken from 2 perithecium- 
bearing mats. The 28 trees on which were caged 285 insects taken from 27 perithecium-free, 
conidium-bearing mats failed to contract the disease. However, the positive case of transmis- 
sion which was obtained during the early trials of 1951 with insects contaminated by conidium- 
bearing laboratory cultures suggests that the inoculum potentiality of conidia ought not be 
ignored. 

The failure of all but one of the many attempts recorded in Table 1 to transmit oak wilt by 
means of insects, especially Nitidulidae, may appear to contradict the regularity of infection 
obtained by Norris in Iowa and Dorsey et al. in West Virginia. This, however, is not neces- 
sarily the case. Some rather obvious factors might account for our poor success: the longer 
time intervals often elapsing between the collecting and the using of the insects, the poor ger- 
minability of the conidia and ascospores on most of the mats from which insects were taken, the 
use in all but seven of the trials of endoconidia only, and the possibility that sufficient sap did 
not exude from the wounds. 

Of perhaps greater significance, however, would seem to be the dates on which the trans- 
fers of insects were performed. In our case transfers were made at intervals from April 22 to 
May 28, Only the transfers made on the last date were successful. The uniformly successful 
transfers made in Iowa were performed on May 23, 26, 28, and 29. The successful transfers 
made in West Virginia were performed on May 6. In these May dates, in spite of the fact that 
in all of our earlier attempts only endoconidia of a low order of germinability were available, 
there is the suggestion that infection is not likely to occur until a spring temperature has been 
reached that will promote both germination of the spores and continued growth of the fungus. 
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SECTION OF APPLIED BOTANY AND PLANT PATHOLOGY, ILLINOIS STATE NATURAL 
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TRANSMISSION OF ENDOCONIDIOPHORA FAGACEARUM 
BY PSEUDOPITYOPHTHORUS PRUINOSUS 


Charles L. Griswold! and George J. Bart2 


During the early investigations at the Ohio Agricultural Experiment Station relative to the 
possible role played by insects as vectors of Endoconidiophora fagacearum Bretz, the oak wilt 
fungus, three species of bark beetles were found commonly breeding in the smaller diameter 
branches of trees of the black oak group that were dying or dead from oak wilt. They were 
identified as Pseudopityophthorus pruinosus (Eichh,), P. minutissimus (Zimm.) and P. asper- 
ulus (Lec.). Because it was learned from laboratory and field observations that adults of P., 
pruinosus and P, minutissimus also made deep feeding attacks in the crotches, leaf axils, ~ bud 
axils, and immature acorn axils of the small twigs of healthy oaks of both the black and white 
oak groups, these two species of bark beetles came under suspicion as possible vectors of the 
oak wilt fungus. 

Various types of oak wilt fungus transmission tests were made between 1951 and 1953 with 
adults of P. pruinosus and P. minutissimus which were introduced in cages with test seedlings 
having mature or nearly mature foliage. None of these tests produced positive transmission 
results up to the time that the test seedlings entered dormancy in the fall of 1953. 

Early in 1954, transmission tests were made with adults of P. pruinosus which were in- 
troduced in cages with test seedlings that had just recently broken dormancy. Two cases of 
oak wilt fungus transmission resulting from these early 1954 tests are described as follows. 
Seven healthy, three-year-old potted oak seedlings that had been kept in the greenhouse were 
selected and used as soon as they were observed to have broken dormancy. They consisted of 
four red oaks, two pin oaks, and one swamp white oak, and were removed for testing on seven 
different days between March 15 and April 4 inclusive. From 30 to 100 adults of P. pruinosus, 
which had emerged from hibernation quarters and crawled about for one-half hour ina petri 
dish containing a sporulating mat culture of E, fagacearum producing endospores only, were 
transferred to a large glass screen-lidded cage fitted over each one of the seven test seedlings. 

Feeding attacks on the test seedlings began within one hour after the introduction of the 
beetles and in all instances both old and new succulent stem growth was penetrated from crotch, 
leaf axil, and bud axil feeding attacks. 

The red oak test seedling caged with beetles on March 24 developed foliar symptoms of oak 
wilt in all four leaves of a lower stem on April 20, and the pin oak test seedling caged with 
beetles on April 4 developed foliar symptoms of oak wilt in five of the six leaves of an upper 
stem on April 25. By May 5, foliar discoloration, curling and stiffening had progressed to in- 
clude most of the foliage of both test seedlings. 

Both of these oak wilt seedling suspects were cultured on May 5, and on May 10 endospores 
of E. fagacearum had developed abundantly on and around chips cut from all parts of the roots 
and stems of both seedlings. 

Oak wilt symptoms did not appear in the remaining five oak seedlings similarly tested. 

The success of oak wilt fungus transmission with P. pruinosus in the laboratory through 
adult beetle contact with fungus mat cultures and subsequent feeding attack on healthy twigs sug- 
gests that this bark beetle may be able to transmit the fungus in a similar manner to healthy 
oaks in the field. Since sporulating mats of E. fagacearum may develop and grow in the smaller 
diameter limbs and branches of trees dying or dead from oak wilt where breeding galleries of 
P. pruinosus are usually found, adult beetle contact with the fungus might occur from fungus 
penetration of such galleries. In such an event, transmission of the fungus to healthy oaks 
might then be accomplished through the beetle's twig feeding habit, 


DEPARTMENTS OF ENTOMOLOGY AND BOTANY AND PLANT PATHOLOGY, OHIO 
AGRICULTURAL EXPERIMENT STATION, WOOSTER, OHIO 


1 Department of Entomology, Ohio Agricultural Experiment Station, Wooster, Ohio. 
2 Department of Botany and Plant Pathology, Ohio Agricultural Experiment Station, Wooster, Ohio. 
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THE EFFECT OF TEMPERATURE UPON IN VITRO DEVELOPMENT 
OF PERITHECIA OF THE OAK WILT FUNGUSI 


W. J. Stambaugh, C. L. Fergus and H. Cole 
INTRODUCTION 


In order to develop effective eradication measures for the control of oak wilt, it is ex- 
tremely important that both the causal organism, Endoconidiophora fagacearum Bretz, and 
associated environmental factors be studied in all stages of disease development. The occur- 
rence of mycelial mats and the production of perithecia in nature have presented the logical 
point in the life cycle for the application of experimental control. It is the purpose of this paper 
to report the results of in vitro development of perithecia from spermatized cultures when ex- 
posed to a range of temperatures similar to those occurring in nature. 


MATERIALS AND METHODS 


For purposes of comparison, strain P2-151(A) employed as the female in this experiment, 
was grown on both Barnett's Oak Wilt Agar, Experimental2 Control No. L 115321 and malt ex- 
tract agar3, Forty petri dishes of each medium were prepared and inoculated by pipetting one 
drop of endoconidial suspension onto the solidified medium at the center of each plate. The 
inoculated plates were incubated at 26° C for a period of 13 days. Following this, the inoculated 
plates and tubes of spermatizing suspension were exposed to the experimental temperatures for 
24 hours prior to spermatizing. The spermatizing suspension was prepared from a strain of 
appropriate compatibility and was the same age as the petri dish cultures. The area of growth 
to be spermatized was marked by pressing a flamed film cartridge cap into the mycelial growth, 
thus imprinting a well-defined boundary enclosing an area approximately 8 sq. cm. The plates 
were then spermatized by pipetting two drops of endoconidial suspension inside the marked area. 
The suspension was spread thoroughly over the area with a sterile brush. Following spermati- 
zation, five plates of each medium were placed in incubators adjusted and automatically control- 
led to the following temperatures: 69, 90, 120, 150, 180, 2490, 28°, and 319°C, 

The plates were examined at various time intervals under a dissecting microscope at 28.7 
diameters magnification. At some temperatures, counts were not recorded when no further 
perithecial development occurred. Veeder hand counters were used to obtain an accurate count 
of perithecia extruding and not extruding ascospores. 

Those plates originally placed at 69, 90, 28° and 319 C were removed after 17 days expo- 
sure and placed at the optimum temperature to determine whether the spermatized cultures 
would respond to a change in temperature. 


EXPERIMENTAL RESULTS 


The optimum temperature for the development of perithecia and ascospores differed slightly 
for the two media. Development on malt extract agar (Table 1) was optimal at 189 C, withsome 
development at the extremes of 9° and 319. On Barnett's medium (Table 2) the greatest number 
of perithecia were formed at 24°. Apparently, at some temperature between 24° and 28° peri- 
thecial formation is reduced sharply since the numbers formed at 28° and 31° were negligible. 

Barnett's medium was considerably better than malt extract agar for perithecial and asco- 
spore formation. At the optimum temperatures, approximately six times (490 vs. 92) as many 
perithecia formed on Barnett's as on malt extract agar. At suboptimal temperatures the dif- 
ference in perithecial formation was even more marked. 

At the optimum temperatures for both media, the maximum number of perithecia had formed 
by the third or fifth day. On Barnett's medium, the number became so great that it was impos- 


1 Contribution No. 189 of the Department of Botany and Plant Pathology, Pennsylvania Agricultural 
Experiment Station. Authorized for publication July 9, 1954, as paper No. 1886 in the Journal Series. 
2 The writers wish to express their appreciation to Mr. H. W. Schoenlein, The Difco Laboratories, 
for supplying the dehydrated Difco Oak Wilt Agar, Experimental" used inthis study. The composi- 
tion of this medium is described in Mycologia 45: 450. 1953. 

3 The malt extract agar consisted of 17g. Difco maltextract, 17g. agar and distilled water to make 1 
liter. 
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sible to get an accurate count, the figure in the table being a conservative number. 

At temperatures below the optimum, there was a progressive increase in number of peri- 
thecia produced with time. It is possible that had the observations been continued over a longer 
period of time, more perithecia would have formed. The lower temperatures also reduced the 
rate at which ascospores formed within the perithecia. For example, at 9° C on Barnett's 
medium, active ascospore extrusion did not occur until 17 to 22 days after spermatization. 

It is of interest to note that there was an increase in perithecial formation and ascospore 
extrusion on those plates which were removed from the 6° and 9° C incubators and placed at the 
optimum temperature for each medium. Several plates from the higher temperatures, 28° and 
31°, exhibited an increase in perithecial development. The results for 28° and 31° are difficult 
to interpret since a considerable amount of desiccation of the media occured at these tempera- 
tures. 


DISCUSSION AND SUMMARY 


The optimum temperature range for maximum perithecial formation and ascospore ex- 
trusion was found to be 18° to 24° C or 64° to 769 F. This agrees fairly closely with the opti- 
mum temperature range for mycelial growth as reported by other workers. For example, 
Henry (3) reported 24° to 280 C and Young (4) reported 20° to 28° C as optimum. Barnett and 
Lilly (1) reported a range of 15° to 25° C in which the fungus grew and sporulated well; sporu- 
lation ceased near 28° C, 

Since perithecia formed and extruded ascospores at a minimum of 90 C or 489 F, anda 
maximum of 24° C or 76° F, it is reasonable to assume that in Pennsylvania spermatization of 
mycelial mats in nature and subsequent perithecial development can occur from March until 
November, although the summer temperatures might be high enough to inhibit or reduce peri- 
thecial development, since very few perithecia formed at temperatures above 249 C. It is in- 
teresting to note that although mycelial mats may form in the summer months (see Fergus(2)), 
mats are found in much greater abundance in the fall and spring. 

A comparison of the number of perithecia formed at the different temperatures on the two 
media indicates that Barnett's medium is considerably better than malt extract agar for peri- 
thecial and ascospore formation. The extensive perithecial formation on Barnett's medium 
closely resembles the macroscopic appearance of perithecial mats found in nature. 


Literature Cited 
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OAK WILT DISTRIBUTION 


Marvin E. Fowler 


Oak wilt (Endoconidiophora fagacearum) is the greatest potential threat to forest values in 
the eastern half of the United States. Although it has been found at widely separated places and 
in some areas has killed many oaks, the disease has in general attacked only an infinitesmal 
percentage of the oaks in many parts of the known range of oak wilt. In Wisconsin, Minnesota, 
Iowa, northern Illinois, and northwestern Indiana it has destroyed many large areas of oak tim- 
ber, some individual areas of destruction being up to 55 acres in extent. At other places dis- 
eased areas are younger, smaller, and less numerous, and hence more amenable to control 
measures. Most of the States in which the disease has not been present for a long time have in- 
itiated oak wilt control programs, including the destruction of infected trees to remove them 
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as hazards in the spread of the disease, and treatments to prevent continued local spread 
through the natural root grafts between neighboring oaks. Surveys indicate that these control 
programs are suppressing the wilt and reducing its normal spread, Although it is unlikely that 
oak wilt can ever be completely eradicated over an extensive area, it can be suppressed and 
enormous losses prevented. 

Oak wilt surveys were continued during the summer of 1953 by Federal and State agencies 
and by private concerns and interested individuals. Preliminary scouting from low-flying air- 
planes continues to be the fastest and most economical way to search for infected areas. In 
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1953 oak wilt was not found outside the 18 States previously known to have infections. Surveys 
revealed that the disease was present in a number of additional counties within these States. 
Figure 1 shows the known distribution of oak wilt at the end of the 1953 scouting season. This 


map has been compiled after reports of surveys were received from all agencies participating 
in the program. 


FOREST SERVICE, DIVISION OF FOREST DISEASE RESEARCH, U.S. DEPARTMENT OF 
AGRICULTURE 
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SYCAMORE ANTHRACNOSE SEVERE IN ILLINOIS 


G. H. Boewe, R. J. Campana and I. R. Schneider 


Anthracnose of sycamore caused by Gnomonia veneta was unusually conspicuous and severe 
throughout Illinois in May of 1954. Sudden to gradual browning of leaves and girdling of twigs, 
resulting in partial to complete defoliation within a one- to two-week period from the first ap- 
pearance of the disease, occurred on trees of all sizes. The earliest case of anthracnose ob- 
served in Illinois, 1954, by the senior author was located near Cairo in Pulaski County at the 
southern extremity of the State on April 29. By the end of May the disease had developed into 
epidemic proportions over most, if not all, of the State and occurred on planted trees as far 
north as Rockford in Winnebago County near the Wisconsin line. The widespread occurrence 
and severity of the disease was not conspicuous during the first two weeks of May but became 
very obvious rather suddenly in the last two weeks of the month, during and following a period 
of abundant rain and cool weather. Almost every sycamore observed in rural areas of large 
park sites during a series of survey trips in northern, central and southern areas of the State 
was severely diseased, and all trees observed were affected to some degree. 

In a survey of May 19 to 21, from Urbana to the East St. Louis area, southwestward to 
Anna, then east, and up the south-eastern side of the State, some trees appeared to have every 
leaf blighted. On others only an occasional green leaf was apparent. Trees planted in towns 
were heavily defoliated. In a close examination of the lower branches of ten sycamores in cen- 
tral Illinois eight of the trees were estimated to have 75 to 100 percent of the foliage blighted, 
and the overall average for all the trees examined was 79 (Table 1). 


Table 1. Percentage of leaves affected with sycamore anthracnose on five 
lower main branches of 10 trees. 


Tree no. : Branch numbers : Average percentage of 

1 80 85 80 80 70 79 

2 85 85 75 80 85 82 

3 95 95 85 85 90 90 

4 95 95 90 90 90 92 

5 100 95 90 90 90 93 

6 75 85 85 85 80 82 

7 60 55 55 55 65 58 

8 55 50 55 55 55 54 

9 85 85 85 85 90 86 

10 80 80 75 80 75 78 
Overall average 79 


In a survey of sycamores in northern Illinois in late May, 63 of 100 trees tallied were al- 
most completely defoliated, and no tree was observed to completely unaffected. 

Often there were marked differences in incidence and severity of the disease with respect 
to the location and size of trees affected. These differences were generally consistent 
wherever observations were made in the State. Trees in rural areas or on large park sites 
in urban areas were definitely more severely diseased than those of comparable size on typi- 
cal urban sites. At two urban sites in east central Illinois the disease was almost completely 
absent on small, young trees in contrast to substantial infection and defoliation of trees of 
comparable size in surrounding rural areas. However, most large trees in the same urban 
areas were seriously affected. Generally, large trees in rural areas were worst affected, 
small trees in rural areas next severely affected, large trees in urban areas less severely af- 
fected, and small trees in urban areas barely affected or completely unaffected. 

Differences noted with respect to location and age probably resulted from differences in 
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availability of inoculum. Many of the older and larger trees examined had an abundance of dead 
wood and sporulating cankers, especially on lower limbs, undoubtedly an accumulation and build- 
up over a period of years. On younger trees such an abundant source of potential inoculum is 
not present. It is probable that many of the lower dead branches in trees in urban areas are re- 
moved from year to year and little or no leaf and twig debris is allowed to accumulate to provide 
a suitable culture substrate for the fungus. In addition, less adequate air drainage in lower 
limbs resulting in greater humidities undoubtedly favored greater development of the fungus 
there than in higher limbs. 


SECTION OF APPLIED BOTANY AND PLANT PATHOLOGY, ILLINOIS NATURAL HISTORY 
SURVEY, URBANA, ILLINOIS 
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ELSINOE AND SPHACELOMA IN FLORIDA! 


Albert S. Muller, Anna E, Jenkins, and A. A. Bitancourt2, 3 


For the new records they afford, collections of Elsinoé and Sphaceloma in Florida, 1952- 
53, supplemented by several earlier specimens from that State, also hitherto unreported, are 
here tabulated (Table 1). As shown, four of the nine described species represented are new to 
aggre i.e., E, jasminae, S. lippiae, S. punicae, and S. viburni; moreover, E. jasminae and 

. punicae have not been reported grinned in the United States. New host range also is in- 

a for E. corni, E. jasminae, S. lippiae, E, parthenocissi, and S. viburni, The six spec- 
imens listed under Sphaceloma sp. or ? Sphaceloma sp. probably represent species as yet 
undescribed. 

Elsinoé parthenocissi, E. solidaginis and S. violae naturally are included in a compilation 
of the described species of Elsinoé and Sphaceloma as known in Florida a decade or so ago (4, 
see map for key to the 12 species in all). Additional species since described also occurring in 
Florida are E. leucospila Bitanc. & Jenkins (3) on Camellia sinensis, E, mangiferae (1) on 
Mangifera indica, and S. magnoliae Jenkins & Miller (6) on Magnolia grandiflora. 
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1 A contribution under the Technical Cooperation Program formerly administered by the U. S. 
Department of State and now a part of the Foreign Operations Administration. 

2 Prof, Muller is Professor of Plant Pathology, College of Agriculture, University of Florida; Dr. 
Jenkins, Mycologist, formerly with the Foreign Agricultural Service, U. S. Department of Agricul- 
ture and now on the staff of the U. S. A. Operations Missionto Brazil. Dr. Bitancourt, Director, 
Divisao de Biologia Vegetal, Instituto Biolégico, Sdo Paulo, Brazil. 

3 For their critical reading of this article in manuscript the writers are indebted to Erdman West, 
Professor of Botany, College of Agriculture, Botanistand Mycologist, Florida Agricultural Experi- 
ment Station, University of Florida, andtoJ. A. Stevenson, Mycology and Disease Survey, Agricul - 
tural Research Service, U. S. Department of Agriculture. 
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Table 1. Specimens of Elsinoé and Sphaceloma previously unreported from Florida Tz 


SPECIES AND CITATION TO ORIGINAL DESCRIPTION 


Host, leaves of x Locality, date and : Remarks 
collectora : 
E. CORNI JENKINS & BITANC. JOUR. WASH. ACAD. SCI. 38: 362. 1948. Ss. 
Cornus asperifolia Michx. © Gainesville, Aug. 19, 1953 First report from Florida on Vi 
Cedar Keys, Aug. 23, 1953 C. florida, 1952 (9). Re- 
cently reported from Japan 
C. florida L. Gainesville, May 16, 1953 on C, controversa Hemsl. 
and C. officinalis Sieb. & 
Zucc. (8). SF 
E, JASMINAE BITANC, & JENKINS, ©, ARQ. INST, BIOL. 11: 53. 1940. i Ce 
Jasminum heterophyllum Homestead, Nov. 27, 1953 Second known distribution. 
Roxb. © and J. humile L.© Described on J. sambac Ge 
Soland, Sdo Sebastiado, S. (L. 
Paulo, Brasil. 
He 
? E, LEUCOSPILA BITANC, & JENKINS. ARQ. INST. BIOL. 17: 70. 1946. 
Li 
Camellia sp. (camellia) Gainesville, Nov. 27, 1953 The same or a similar dis- 
ease reported from Florida 
C. japonica L. and Gotha, Feb. 13, 1919 as edema by West (10, 11). 
C. sasanqua Thunb. (G. F. Godfrey) Pl 
S. LIPPIAE BAINES & CUMMINS®. PHYTOPATH, 29: 654. 1939. Ve 
Lippia nodiflora L. Michx.€ Gainesville, Apr. 22, 1953 Described on L, lanceolata i ay 
Michx., Indiana. b} 
L. repens ? = (probably Gossman's Prairie, Mar. 24, c} 
L. nodiflora) 1904. (P.H. Rolfs) a} 
E,. PARTHENOCISSI JENKINS & BITANC, PHYTOPATH, 32: 424. 1942 si 
Ampelopsis arborea Koehne® Gainesvilled, Nov. 26, 1952 In original description re- 
corded on P. quinquefolia, U 
Parthenocissus High Springd, May 24, 1953 Apalachicola, Fla., 1891. BI 


quinquefolia Planch. 


S. PUNICAE BITANC, & JENKINS», ©, PROC. AMER. SCI. CONG. 8TH, WASHINGTON, 
1940, 3: 363. 1942. 


Punica granatum L. Gainesville, May 18, 1953 Previous North American 
records from Mexico (7) 


S. SOLIDAGINIS JENKINS & UKKELBAG, JOUR. AGR. RES, 51: 522. 1935. 


Solidago sp. Fort Myers, Aug. 30, 1933 An early collection of this 
(O, F. Cook) fungus in the Edison Botanic 
Garden. 


S. VIBURNI JENKINS & BITANC.© JOUR. WASH. ACAD, SCI. 36: 420. 1946. 


Viburnum obovatum Walt®, Cedar Keys, Aug. 23, 1953 Described on V. opulus var. 
roseum L., Washington, re- i 


ported on this host from 
Maryland (2, 5). 
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Table 1. (Continued). 


SPECIES AND CITATION TO ORIGINAL DESCRIPTION 


Host, leaves of : Locality, date and : Remarks 
collector® : 


S, VIOLAE JENKINS, CORNELL UNIV. AGR, EXP, STA, MEM. 176: 7. 1935. 


Viola sp. (violet) Gainesville, July 25, 1953 Distribution in Gainesville 
and elsewhere in Florida 
mentioned in original de- 
scription. 


SPHACELOMA sp. or SPHACELOMA SP, (?). 


Celtis sp.© Rock Springs, Dec. 3, 1945 ) 
(C. L. Shear) 
Gelsemium sempervirens Jacksonville vicinity, Dec. 31, 
(L.) Ait. f.¢ 1953. (A. S. Rhoads) 
Helianthus angustifolia (L.)© Windsor, Sept. 13, 1953 
rds on 
Litchi chinensis Sonn. © Babson Park, Dec. 27, these hosts. 


1953. (G. W. Deckle and 
P. E. Frierson) 


Platanus occidentalis® Gainesville, May 18, 1953 


Vaccinium sp. © Gainesville, Aug. 6, 1953 ] 


aWhere collector's name is omittedthisisA.S. M. 
b First report for the United States. 

C First report from Florida. 

d New location in Florida. 

€ New host. 


UNIVERSITY OF FLORIDA; U. S. OPERATIONS MISSION TO BRAZIL; AND INSTITUTO 
BIOLOGICO, SAO PAULO, BRAZIL 
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SOME PHYSIOLOGICAL NOTES ON SCLEROTIUM ROLFSII 
I, UTILIZATION OF CERTAIN CARBON COMPOUNDS 


Samuel P. Johnson and Howard E. Joham! 


Sclerotium rolfsii Sacc., the causal organism of the disease southern blight, is known to 
occur widely and to have an extensive host range. Higgins (i) suggested that oxalic acid pro- 
duced by the fungus is responsible for the destruction of pliant cells and gave this as a reason 
for the ability of the organism to attack many plant varieties. He reported also that S. rolfsii 
is capable of metabolizing a wide variety of substrates when grown on solutions containing beef 
extracts or vegetable decoctions. The present paper is concerned with the growth of the or- 
ganism on synthetic nutrient solutions containing various carbon sources. The availability of 
protein carbon is discussed. 


MATERIALS AND METHODS 


The basic inorganic salt solu’ on employed in this experiment was that recommended by 
Joham (2) and contained millimolar concentrations of salts as follows: 1.5 MgSO4, 4.0 
K2HPO4, 2.0 KCl, and 12.5 NH4NO3. Thiamine chloride was supplied at .1p.p.m. The 
various carbon sources uSed are indicated in Table 1. Micro elements were not added directly 
since previous experiments had indicated that sufficient amounts were present as contaminants 
in the reagent grade salts employed. 

Fifty ml. aliquots of nutrient solution were placed in 250 ml. Erlenmeyer flasks. To this, 
the required amount of carbohydrate was added and the flasks then sterilized in steam at 1219C 
for 20 minutes. 

Inoculation of the nutrient cultures was carried out in a transfer chamber after the solutions 
cooled. An active culture of S. rolfsii growing on autoclaved oat grains in a stoppered 500 m1. 
Erlenmeyer flask was used as the source of inoculum, thus inoculation was by mycelium as no 
sclerotia were formed. One infested oat grain was placed in each flask and the cultures incu- 
bated at 30° C until most of the sclerotia were matured, i.e., turned brown. The mycelial mat 
was removed, washed free of surplus nutrient solution, and dried at 70° C to constant weight. 

To study the availability of protein carbon a series of cultures were uniformly supplied 
with one gram of purified castor bean globulin (Pfanstiehl Chemical Co., Waukegan, Illinois) 
per flask. Glucose was varied from zero to 3.2 percent. 


EXPERIMENTAL 


Utilization of Various Carbon Sources: That Sclierotium rolfsii is capable of utilizing a 
wide variety of carbohydrates is readily seen in Table 1. In this experiment the carbon source 
was varied from the simple pentoses to the complex polysaccharides and gums. Growth results 
expressed as mg. of dry mat per 2 gm. of carbon material employed are presented. 

In all cases the initial pH of the culture solutions were within the range of 6.8-7.3 before 
autoclaving. After autoclaving a drop of about one half ofa pH unit was noted. If the carbohy- 
drate was rapidly utilized a decline in pH occurred, and within six days was found to be in the 
range of 2.5 to 3.0. In cultures containing only lactose as a source of carbon the pH remained 
high for a considerable time and after a period of 24 days had dropped to only 4.9; however, in 
cultures containing a mixture of both lactose and glucose the pH decline was rapid, reaching the 
2.5-3.0 range within six days or less. 

According to the data shown in Table 1, of the pentoses xylose was more readily metabo- 
lized than arabinose or the methyl pentose, rhamnose. No growth occurred at the latter. 
Little difference was obtained in the growth response when the hexoses glucose or galactose 
were employed, while in mannose and fructose growth was significantly less. 

In terms of total growth, lactose was the best carbon source tested in this experiment. The 
mean difference between weight of mats produced on sucrose or cellobiose and those produced 
on glucose was not significant, although the difference between cellobiose and glucose ap- 


1 Department of Plant Physiology and Pathology, Agricultural and Mechanical College of Texas. 
Published with the approval of the Director as Technical Article No, 1747, Texas Agricultural 
Experiment Station. 
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Table 1. Growth of Sclerotium rolfsii as influenced by various carbohydrates. (Figures 
given are mean values of five replications). 


to : : Growth on one gm. 
‘O- Carbohydrate’ : Growth on 2 gm. : carbohydrate plus : Calculated 
on : carbohydrate : one gm. glucose : weight for 
fsii : Mat weight : Daysto : Matweight : Daysto : 1+ 1 mixtures@ 
beef ; in mg. : maturity : in mg. : maturity 
of | Arabinose 344d 26 915b 17 703 
Xylose 850 30 1074b i7 943 
Rhamnose 0 -- 885b 17 531 
Glucose 1061 30 -- -- -- 
y Mannose 877 17 950 30 971 
Fructose 908 30 1006 17 985 
Galactose 1008 32 1047 32 1039 
ctly 
ants | Sucrose 1015 17 30 1029 
Maltose 901 30 853° 30 971 
this, Cellobiose 969 30 916° 30 1015 
10 C Lactose 1313 58 1085¢ 17 1186 
itions Raffinose 765 17 955 17 913 
mi. | 
no Dextrin 571 39 683° 39 817 
u- Starch 734 32 798 32 1000 
mat ; Inulin 840 32 1137b 17 951 
tht. Pectin 568 51 761¢ 51 815 
Pectic Acid 540 51 659¢ 51 801 
5) Cellulose 0 -- -- -- -- 
Agar Agar 0 -- 483 26 531 
Gum Mastic -- 284¢ 39 531 
Gum Guaiac 0 -- --c -- 531 
Gum Arabic 432 58 661 39 747 
ree | Gum Tragacanth 482 42 562° 42 772 
sults 
i 4 These figures are obtained by adding one-half of the weight of the 2 gm. glucoseculture, i.e., one- 
re half of 1061 =531 mg., to one-half of the weight of the 2 gm. culture of the second carbohydrate. 
he ; Example: arabinose + glucose mixture, calculated weight= ieee = 703 mg. 
ned 
in b Mat weights significantly higher than calculated values. 
the Mat weights significantly lower than calculated values. 


dL.S.D. to. 05 level = 106 mg. 
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proached significance, being 92 mg. whereas 106 was required (Table 1). Maltose was defi- 
nitely inferior to glucose as a carbonsource. Growth on raffinose, dextrin, starch, and inulin 
was in each case markedly less than on glucose, Of the five complex gums employed only two, 
gum arabic and gum tragacanth, and these at a low level, supported growth. 


Growth of Sclerotium rolfsii on Mixtures of Carbohydrates: In this phase of the investiga- 
tion S. rolfsii was grown on cultures containing 1 gm. of glucose and 1 gm. of one of the carbo- 
hydrates listed in Table 1. Other conditions were the same as previously described. One is 
able to calculate the growth expected from a culture containing such a mixture of carbohydrates 
by adding one-half of the mat weight produced by the culture containing 2 gm. of glucose to one- 
half of the mat weight produced by the 2-gm. culture of the other carbohydrate (3). The figures 
thus obtained are called the calculated mat weight and are given in column 5 of Table 1. If the 
carbohydrates are utilized independently the resulting mat weight should nearly equal the calcu- 
lated value. 

As seen in Tabie 1 the presence of glucose in the culture medium stimulated the utilization 
of all the pentoses employed. This is especially noticeable in the case of rhamnose. No dif- 
ferences in growth were found when glucose was combined with the hexose sugars, indicating an | 
independent utilization of these sugars. 

In general, as the carbohydrates became more complex the mixtures produced less growth | 


than expected. One noticeable exception occurred in the inulin-glucose mixtures. In this case, u 
a marked increase in growth was noted and it appears that inulin is utilized more efficiently in | T 
the presence of glucose. 
0} 

pH and the Utilization of Lactose: Although lactose was found to be the most effective carbon th 


source, initial growth on this carbohydrate was very slow. A low pH optimum for the enzyme | ti 
system concerned with degradation of lactose by S. rolfsii would adequately explain the very F 


slow initial rate of utilization. To test this hypothesis, several series of cultures were estab- ¢ e 
lished in which lactose was the only source of carbon. In one series the pH was adjusted to 4.9 t wi 
before autoclaving while in the second series the pH was allowed to remain at 7.3. Todeter- — Mm 
mine whether or not lowering of the pH had any effect on the hydrolysis of lactose, aliquots of 
both solutions were taken before and after autoclaving and the amount of lactose present inthe | 2! 
culture solution was determined by the Wildman and Hansen method for reducing sugars (4). 
Autoclaving, alteration of pH, and a combination of these treatments had no effect upon the re- | I 
ducing power of the nutrient solutions. The fungal mats were harvested after 25 days and dry cI 
weights were determined. At that time the mats grown in nutrient solution in which the pH had | = 
been adjusted to 4.9 weighed 69.6 percent more than those of the control series. The respec- TI 
tive weights of the pH 7.3 (control) and the pH 4,9 series were 266 mg. and 451 mg. for a 25- ce 
day growth period. 
be 
Utilization of Protein Carbon: Sclerotium rolfsii is able to utilize proteins of derivatives ot 
supplied to the organism as plant or animal decoctions. By using the above types of culture _ of 
media it is difficult to determine how efficiently the protein is utilized. To determine this, ef 
cultures were established on substrates which contained known amounts of glucose and bean 6g 
globulin. In the absence of glucose the cultures containing globulin produce on the order of 250 |__ th 
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Table 2, The response of Sclerotium rolfsii to varying concentrations of glucose and 
glucose plus one gram added globulin. (Figures are mean values of 10 


replications). 

Glucose : Mean dry weight : Mean dry weight of mats in , Mean 
gm./culture : of mats (mg.) : glucose-globulin solutions (mg.) : difference 
0.0 -- 256 256 
0.8 360 836 476 
1.6 781 1124 343 
2.4 1227 1566 339 
3.2 1573 1967 394 


utilized; however, mycelial mats grown on this carbohydrate eventually obtain a higher weight. 
The pH of these cultures remained high for a considerable time and after 24 days had dropped 
only to 4.9, thus the slow initial utilization of this disaccharide may indicate a rather low pH 
optimum for Sclerotium rolfsii for lactose. Some indication that this is true was obtained from 
the cultures grown on 1 gm. of glucose plus 1 gm. of lactose. Under these conditions utiliza- 
tion of the glucose occurred, resulting in a rapid decrease in the pH (7.3-2.5 in six days) of the 
solutions, thus the lactose present apparently became available and the cultures matured in 17 
days as against 56 days for the lactose controls. Further evidence that the pH of the solutions 
was a factor in the rate of lactose utilization was obtained when cultures were grown on lactose 
nutrient solutions in which the initial pH had been adjusted to 4.9. The control solutions re- 
mained at pH 7.3. Those cultures started at pH 4.9 produced 69.6 percent more growth ina 
25-day period than did the control series. 

Some generalizations become apparent when one examines the columns in Table 1 marked 
"Days to Maturity". With few exceptions the trend is for slower rates of utilization with in- 
creasing complexity of the carbon supply. When glucose was included in a mixture of carbohy- 
drates the change, if any, inthe rate of utilization was always toward a more rapid growth. 
Thus the above statement concerning pH and lactose utilization may also apply to other more 
complex carbohydrates. Inulin and gum arabic fit into this category. 

Two effects were noticeable when glucose was used in a mixture with one of the other car- 
bohydrates. First, in some cases, the presence of glucose stimulated the utilization of the 
other carbon source. Secondly, the presence of the other carbohydrate inhibited the utilization 
of glucose. The first effect was general for the pentose-glucose mixtures, whereas the second 
effect was more pronounced on the glucose-gum mixtures and tended to be more general for 
glucose-carbohydrate mixtures in which the second carbohydrate employed was more complex 
than a monosaccharide. Thus, the presence of any of the gums employed in this experiment had 
a marked inhibitory effect upon the growth of S. rolfsii and may be a factor in resistance of 
plants to invasion by this organism. 

In addition to carbohydrates, S. rolfsii is capable of utilizing protein carbon. The protein 
employed as a carbon source, purified castor bean globulin (Pfanstiehl Chemical Co., Wauke- 
gan, Illinois), was utilized approximately half as efficiently as an equal amount of glucose. 
However, here, as in the case of some of the carbohydrate mixtures, when glucose and globulin 
were mixed, the globulin was utilized more efficiently and 1 gm. accounted for 75 percent as 
much growth as 1 gm. of glucose. 

The destruction of plant cells by S. rolfsii is usually noted several cell layers in advance 
of the penetrating hyphae. Higgins (1) attributes the death of these cells to the production of 
oxalic acid by S. rolfsii. It is apparent from this and similar studies that this organism se- 
cretes exogenous enzyme which may break down the more stable components of the cell and 
contribute to the advance killing. Evidence to support this view was found in experiments in 
which starch, inulin, pectin, gum arabic, gum tragacanth, and protein were used as sources of 
carbon. Though these materials were in the nutrient solution in the form of jells, they were 
readily liquefied and assimilated by the organism. 
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proached significance, being 92 mg. whereas 106 was required (Table 1). Maltose was defi- 
nitely inferior to glucose as a carbonsource. Growth on raffinose, dextrin, starch, and inulin 
was in each case markedly less than on glucose. Of the five complex gums employed only two, 
gum arabic and gum tragacanth, and these at a low level, supported growth. 


Growth of Sclerotium rolfsii on Mixtures of Carbohydrates: In this phase of the investiga- 
tion S. rolfsii was grown on cultures containing 1 gm. of glucose and 1 gm. of one of the carbo- 
hydrates listed in Table 1. Other conditions were the same as previously described. One is 
able to calculate the growth expected from a culture containing such a mixture of carbohydrates 
by adding one-half of the mat weight produced by the culture containing 2 gm. of glucose to one- 
half of the mat weight produced by the 2-gm. culture of the other carbohydrate (3). The figures 
thus obtained are called the calculated mat weight and are given in column 5 of Table 1. If the 
carbohydrates are utilized independently the resulting mat weight should nearly equal the calcu- 
lated value. 

As seen in Table 1 the presence of glucose in the culture medium stimulated the utilization 
of all the pentoses employed. This is especially noticeable in the case of rhamnose. No dif- 
ferences in growth were found when glucose was combined with the hexose sugars, indicating an 
independent utilization of these sugars. 

In general, as the carbohydrates became more complex the mixtures produced less growth 
than expected. One noticeable exception occurred in the inulin-glucose mixtures. In this case, 
a marked increase in growth was noted.and it appears that inulin is utilized more efficiently in 
the presence of glucose. 


pH and the Utilization of Lactose: Although lactose was found to be the most effective carbon 
source, initial growth on this carbohydrate was very slow. A low pH optimum for the enzyme 
system concerned with degradation of lactose by S. rolfsii would adequately explain the very 
slow initial rate of utilization. To test this hypothesis, several series of cultures were estab- 
lished in which lactose was the only source of carbon. In one series the pH was adjusted to 4.9 
before autoclaving while in the second series the pH was allowed to remain at 7.3. To deter- 
mine whether or not lowering of the pH had any effect on the hydrolysis of lactose, aliquots of. 
both solutions were taken before and after autoclaving and the amount of lactose present in the 
culture solution was determined by the Wildman and Hansen method for reducing sugars (4). 
Autoclaving, alteration of pH, and a combination of these treatments had no effect upon the re- 
ducing power of the nutrient solutions. The fungal mats were harvested after 25 days and dry 
weights were determined. At that time the mats grown in nutrient solution in which the pH had 
been adjusted to 4.9 weighed 69.6 percent more than those of the control series. The respec- 
tive weights of the pH 7.3 (control) and the pH 4,9 series were 266 mg. and 451 mg. for a 25- 
day growth period. 


Utilization of Protein Carbon: Sclerotium rolfsii is able to utilize proteins of derivatives 
supplied to the organism as plant or animal decoctions. By using the above types of culture 
media it is difficult to determine how efficiently the protein is utilized. To determine this, 
cultures were established on substrates which contained known amounts of glucose and bean 
globulin. In the absence of glucose the cultures containing globulin produce on the order of 250 
mg. of dry mat weight per gram of protein (Table 2). When glucose was added globulin utiliza- 
tion was increased, which is reflected in an increased mat weight average of 388 mg. per gram 
of globulin. 


DISCUSSION 


The criteria for removal of the mat was set, in the preserit work, at a time when most of 
the sclerotia were mature, i.e., turning brown. Previous experiments with glucose as the 
carbohydrate have shown that there is a decided loss of mat weight due to syneresis which ac- 
companies the formation of the sclerotia, but that in the following period the mat weight is 
relatively stable for several weeks; thus the time of maturation of sclerotia gives the most uni- 
form measure of maximum growth. 

Growth on lactose was found to be slow at first but later it was extremely rapid and re- 
sulted in the highest percentage of utilization. This is contrary to the report of Higgins (1) in 
which he stated that lactose and glycerin were the poorest of any carbon media tested although 
he indicated that lactose was eventually assimilated. When considering the number of days re- 
quired for a culture to reach maturity (Table1), it becomes apparent that lactose is very slowly 
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Table 2. The response of Sclerotium rolfsii to varying concentrations of glucose and 
glucose plus one gram added globulin. (Figures are mean values of 10 


replications). 

Glucose : Mean dry weight : Mean dry weight of mats in Mean 
gm./culture : of mats(mg.) : glucose-globulin solutions (mg.) : difference 
0.0 -- 256 256 
0.8 360 836 476 
1.6 781 1124 343 
2.4 1227 1566 339 
3.2 1573 1967 394 


utilized; however, mycelial mats grown on this carbohydrate eventually obtain a higher weight. 
The pH of these cultures remained high for a considerable time and after 24 days had dropped 
only to 4.9, thus the slow initial utilization of this disaccharide may indicate a rather low pH 
optimum for Sclerotium rolfsii for lactose. Some indication that this is true was obtained from 
the cultures grown on 1 gm. of glucose plus 1 gm. of lactose. Under these conditions utiliza- 
tion of the glucose occurred, resulting in a rapid decrease in the pH (7.3-2.5 in six days) of the 
solutions, thus the lactose present apparently became available and the cultures matured in 17 
days as against 56 days for the lactose controls. Further evidence that the pH of the solutions 
was a factor in the rate of lactose utilization was obtained when cultures were grown on lactose 
nutrient solutions in which the initial pH had been adjusted to 4.9. The control solutions re- 
mained at pH 7.3. Those cultures started at pH 4.9 produced 69.6 percent more growth ina 
25-day period than did the control series. 

Some generalizations become apparent when one examines the columns in Table 1 marked 
"Days to Maturity". With few exceptions the trend is for slower rates of utilization with in- 
creasing complexity of the carbon supply. When glucose was included in a mixture of carbohy- 
drates the change, if any, inthe rate of utilization was always toward a more rapid growth. 
Thus the above statement concerning pH and lactose utilization may also apply to other more 
complex carbohydrates. Inulin and gum arabic fit into this category. 

Two effects were noticeable when glucose was used in a mixture with one of the other car- 
bohydrates. First, in some cases, the presence of glucose stimulated the utilization of the 
other carbon source. Secondly, the presence of the other carbohydrate inhibited the utilization 
of glucose. The first effect was general for the pentose-glucose mixtures, whereas the second 
effect was more pronounced on the glucose-gum mixtures and tended to be more general for 
glucose-carbohydrate mixtures in which the second carbohydrate employed was more complex 
than a monosaccharide. Thus, the presence of any of the gums employed in this experiment had 
a marked inhibitory effect upon the growth of S. rolfsii and may be a factor in resistance of 
plants to invasion by this organism. 

In addition to carbohydrates, S. rolfsii is capable of utilizing protein carbon. The protein 
employed as a carbon source, purified castor bean globulin (Pfanstiehl Chemical Co., Wauke- 
gan, Illinois), was utilized approximately half as efficiently as an equal amount of glucose. 
However, here, as in the case of some of the carbohydrate mixtures, when glucose and globulin 
were mixed, the globulin was utilized more efficiently and 1 gm. accounted for 75 percent as 
much growth as 1 gm. of glucose. 

The destruction of plant cells by S. rolfsii is usually noted several cell layers in advance 
of the penetrating hyphae. Higgins (1) attributes the death of these cells to the production of 
oxalic acid by S. rolfsii. It is apparent from this and similar studies that this organism se- 
cretes exogenous enzyme which may break down the more stable components of the cell and 
contribute to the advance killing. Evidence to support this view was found in experiments in 
which starch, inulin, pectin, gum arabic, gum tragacanth, and protein were used as sources of 
carbon, Though these materials were in the nutrient solution in the form of jells, they were 
readily liquefied and assimilated by the organism. 
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SUMMARY 


The growth of Sclerotium rolfsii Sacc. was studied on synthetic nutrient solutions con- 
taining various carbohydrates. The amount of growth varied depending upon the carbohydrate 
employed. However, in general, the hexoses and disaccharides were the most effective carbon 
sources. It is apparent that the organism contains an array of enzyme systems that enable it 
to utilize materials ranging from the simple pentoses to the complex polysaccharides, gums, 
and protein. In addition growth of this organism was observed on carbohydrate mixtures. In 
some cases the presence of glucose in the nutrient solution stimulated the utilization of a second 
carbohydrate while in others the second carbohydrate seemed to inhibit the utilization of glucose. 
The first seemed general for mixtures of glucose with pentoses, while the latter was more 
common in mixtures where the second carbohydrate was more complex than a hexose. 
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UNUSUAL RECORDS AND OTHER BRIEF NOTES ON PLANT DISEASES 


INTERGRAFTING VIRUS-FREE PLANTS OF EIGHT 


STRAWBERRY VARIETIES PRODUCED NO VIRUS By C. P. Marcus and 
SYMPTOMS George M. Darrow! 


The standard test to determine whether plants of strawberry varieties are virus-free is to 
graft their runners to Fragaria vesca (East Malling strain), for most viruses that affect straw- 
berries produce symptoms in F. vesca. To test the possibility that apparently virus-free vari- 
eties of strawberries might contain viruses that singly do not cause symptoms in F. vesca but 
that collectively might produce symptoms in the indicator, plants of eight varieties propagated 
from apparently virus-free plants were intergrafted. The varieties used were Klondike, Dunlap, 
Howard 17 (Premier), Marshall, Aroma, Blakemore, Catskill, and Massey. These represent 
old varieties (Klondike, Dunlap, Marshall, and Aroma) as well as relatively new ones (Blake- 
more, Catskill, and Massey). They also represent varieties grown in most regions of the United 
States. First, plants of 2 varieties were grafted together to make 4 groups of 2 varieties each; next, 
2 groups of 2 varieties were intergrafted to make 2 sets of 4 varieties; lastly, the 2 groups of 4 
varieties were intergrafted so that plants of all 8 varieties were connected. Runners were 
grafted to F. vesca at the 2-group and 4-group stage. Later, runners from the 8-group combi- 
nation were grafted to several plants of F. vesca plants. No symptoms that could be attributed 
to virus infection appeared in F. vesca. This is interpreted to mean that the apparently virus- 
free stocks of these eight varieties do not carry viruses that singly or together produce any 
symptoms in F. vesca. Virus-free stock of any twoor more of the eight varieties can, therefore, be 
grown in adjacent rows or fields and no harmful effect of one variety on another may be expected 
even though vector aphids are numerous. 

HORTICULTURAL CROPS RESEARCH BRANCH 
1 Formerly plantpathologist,and principal horticulturist, respectively, Horticultural Crops Re- 
search Branch, Beltsville, Maryland. 


POWDERY MILDEW OF APPLE 
DESTRUCTIVE IN NORTHWEST ARKANSAS By D. A. Slack 


During 1953 and 1954, powdery mildew (Podosphaera) of apple assumed destructive pro- 
portions in many orchards in Northwest Arkansas. Damage was most severe in and primarily 
confined to the Lincoln area. Orchards of the Jonathan variety, which is the predominant vari- 
ety, were most severely damaged. 

During 1953, cleistothecia were not found on any of the infected plant parts, although they 
were uniformly and heavily infected. 

The reasons for this unique development of powdery mildew in Arkansas can not be defi- 
nitely established. Factors which appear to be at least partially responsible are: 1) the drought 
which prevailed in Northwest Arkansas during the latter part of 1953 and into the growing season 
of 1954; 2) the elimination of the 1953 apple crop, for all practical purposes, by spring frosts, 
which resulted in greatly curtailing or eliminating regular spray programs. 

DEPARTMENT OF PLANT PATHOLOGY, UNIVERSITY OF ARKANSAS, FAYETTEVILLE, 
ARKANSAS 


MASTIGOSPORIUM ALBUM RIESS ON 
ALOPECURUS PRATENSIS IN NEW YORK By J. P. Ross 


The fungus Mastigosporium album Riess has been reported as occurring on meadow foxtail 
(Alopecurus pratensis) in Wales and England! and in central Europe, Scandinavia, and Russia 
(2). Sampson and Western* recently described the symptoms on meadow foxtail and other 
grasses in Britain. 

In early June of this year, a leaf spot was observed on meadow foxtail growing near Ithaca. 
The spots appear on the leaves as elongate purplish brown areas, 1-2 mm, in length and about 
half as wide, and often are surrounded by a chloronemic zone. Each spot has in its center a 
minute white fleck which may occur on either side of the leaf. This superficial white fleck rep- 
resents the spores of Mastigosporium album. The spores of the fungus are very characteristic 
and appear identical to those found on exsiccati specimens of Alopecurus pratensis in the col- 
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lections of Bucholtz-Fungi Rossici Exsiccati (no. 197) and Krieger-Fungi Saxonici (no. 790)5. 
According to Sprague2, 3 M. album has not been reported in the United States, nor has any 
record been found by the writer in a review of the recent literature. Literature records and 
herbarium specimens at the Plant Disease Epidemics and Identification Section at Beltsville, 
Maryland give further confirmation of this fact, Specimens have been deposited in the herbar- 
ium of the Department of Plant Pathology (no. 44536) at Cornell, and have also been sent to the 
Plant Disease Epidemics and Identification Section at Beltsville, Maryland. 
DEPARTMENT OF PLANT PATHOLOGY, CORNELL UNIVERSITY, ITHACA, NEW YORK 
1 Sampson, K. and J. H. Western, 1938-39. Note on the supposed connexion between Mastigospo - 
rium album Riess and Dilophospora alopecuri(Fr.) Fr. Trans. Brit. Mycol. Soc. 22: 168-173. 
2 Sprague, R. 1938. Two Mastigosporium leaf spots on Gramineae. Jour. Agr. Res. 57: 287-299. 
3 . 1950. Diseases of cereals and grasses in NorthAmerica. p. 1-538. The Ronald 
Press Co. 
4Sampson, K., and J. H. Western. 1954. Diseases of British grasses and herbage legumes. 
p. 1-117. Cambridge at the University Press. 
5 Herbarium, Department of Plant Pathology, Cornell University, Ithaca, New York. 
6 According to personal communication with Paul R. Miller (PDEIS), letter dated June 21, 1954. 
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The terms used in the accompanying maps, which define the ranges of temperature and er 
precipitation, are numerical class limits. These are based on a statistical analysis of past a 
records through which is determined the normal frequency of occurrence of temperatures and 
precipitation at various times of the year for different locations. For temperature the classes 
above, below, and near normal are so defined that they each normally occur one-fourth of the 
time; much above and much below normal, one-eighth of the time. Precipitation is depicted 
in terms of light, moderate, and heavy, each class normally occurring one-third of the time 
and thereby having equal probability of occurrence. These maps graphically represent only 
the general trends and give the country's weather picture at a glance. For quantitative studies, 
where monthly mean temperatures and actual precipitation records are needed for a given time 
and place, other publications of the Weather Bureau should be consulted. P. R. M. 
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